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PREFACE. 


The  design  of  the  present  volume  is  to  offer  to  the  student 
commencing  the  subject  of  Chemistry,  in  a  compact  and 
inexpensive  form,  an  outhne  of  the  general  principles  of 
that  science,  and  a  history  of  the  more  important  among 
the  very  numerous  bodies  which  Chemical  Investigations 
have  made  known  to  us.  The  work  has  no  pretensions  to 
be  considered  a  complete  treatise  on  the  subject,  but  is 
intended  to  serve  as  an  introduction  to  the  larger  and  more 
comprehensive  systematic  works  in  our  own  language  and 
in  those  of  the  Continent;  and  especially  to  prepare  the 
student  for  the  perusal  of  original  memoirs,  which,  in  con- 
junction with  practical  instruction  in  the  laboratory,  can 
alone  afford  a  real  acquaintance  with  the  spirit  of  research 
and  the  resources  of  Chemical  Science. 

It  has  been  my  aim  throughout  to  render  the  book  as 
practical  as  possible,  by  detailing,  at  as  great  length  as  the 
general  plan  permitted,  many  of  the  working  processes  of 
the  scientific  laboratory,  and  by  exhibiting,  by  the  aid  of 
numerous  wood-engravings,  the  most  useful  forms  of  appa- 
ratus, with  their  adjustments  and  methods  of  use. . 

As  one  principal  object  was  the  production  of  a  conve- 
nient and  useful  class-book  for  pupils  attending  my  own 
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lectures,  I  have  been  induced  to  adopt  in  the  book  the  plan 
of  arrangement  followed  in  the  lectures  themselves,  and  to 
describe  the  non-metaUic  elements  and  some  of  their  most 
important  compounds  before  discussing  the  subject  of  the 
general  philosophy  of  Chemical  Science,  and  even  before 
describing  the  principle  of  the  equivalent  quantities,  or 
explaining  the  use  of  the  written  symbolical  language  now 
universal  among  Chemists.  For  the  benefit  of  those  to 
whom  these  matters  are  already  famUiar,  and  to  render 
the  history  of  the  compound  bodies  described  in  the  earher 
part  of  the  work  more  complete,  I  have  added  in  foot- 
notes the  view  adopted  of  their  Chemical  constitution, 
expressed  in  symbols. 

I  have  devoted  as  much  space  as  could  be  afforded  to 
the  very  important  subject  of  Organic  Chemistry  ;  and  it 
win,  I  beheve,  be  found  that  there  are  but  few  substances 
of  any  general  interest  which  have  been  altogether  omitted, 
although  the  very  great  number  of  bodies  to  be  described 
in  a  hmited  number  of  pages  rendered  it  necessary  to 
use  as  much  brevity  as  possible. 

GEO.  FOWNES. 

University  College,  London, 
October  5,  1847. 


ADVERTISEMENT 

TO 

THE   THIRD  EDITION. 


The  correction  of  this  Edition  for  the  press  was  the 
daily  occupation  of  Professor  Fownes,  until  a  few  hours 
previous  to  his  death  in  January,  1849. 

His  wish  and  his  endeavour,  as  seen  in  his  manuscript, 
were  to  render  it  as  perfect  and  as  minutely  accurate  as 
possible. 

When  he  had  finished  the  most  important  part  of  the 
Organic  Chemistry,  where  the  most  additions  were  re- 
quired, he  told  me  he  shjDuld  "do  no  more," — he  had 
"finished  his  work." 

At  his  request  I  have  corrected  the  press  throughout,  and 
made  a  few  alterations  that  appeared  desirable  in  the  only 
pai"t  which  he  had  left  unaltered,  the  Animal  Chemistry. 

The  index  and  the  press  have  also  been  corrected 
throughout  by  his  friend  Mr.  Eobert  Murray. 

H.  Bence  Jones,  M.D. 

30,  Grosvmor  Street, 
Jan.  1850. 


ADVERTISEMENT 

TO 

THE  FOURTH  EDITION. 


It  has  been  the  endeavour  of  the  Editors  to  include  in 
the  present  Edition  of  the  Manual  the  progress  of  Che- 
mistry since  the  Author's  death. 

The  foundation  which  he  laid,  and  the  form  which  tie 
gave  to  the  work,  remain  untouched.  But  time  has  ren- 
dered it  necessary  that  each  portion  should  be  revised  ; 
and  a  few  repairs,  and  some  considerable  additions, 
especially  in  Organic  Chemistry,  have  been  made.  Thus, 
several  of  the  chapters  on  the  Alcohols,  the  Organic 
Bases,  Colouring  Matters,  &c.,  have  been  almost  re-written. 

Still,  such  changes  only  have  been  made  as  the  Editors 
behaved  the  Author  himself  wovild  have  desired,  if  his  hfe 
had  been  spared  to  Science. 

H.  Bence  Jones. 

A.  W.  HOFMANN. 

London,  September,  1852. 
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ADVEKTISEMENT 


TO 

THE  FIFTH  EDITION. 


The  short  time  that  has  elapsed  since  the  last  Edition 
of  this  Manual  was  printed,  has  rendered  any  great 
addition  to  its  bulk  unnecessary.  Still,  throughout 
each  part  of  the  work  additions  and  improvements  have 
been  made.    The  whole  has  been  most  carefully  revised. 

The  Editors  have  endeavoured  to  render  the  Manual 
a  brief  but  perfect  compendium  of  the  Chemical  facts 
estabhshed  up  to  the  present  time. 

H.  Bence  Jones. 

A.  W.  HOEMANN. 

London,  Aiml,  1854. 
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INTRODUCTION. 

The  Science  of  Chemistry  has  for  its  object  the  study  of  the  nature 
and  properties  of  all  the  materials  which  enter  into  the  composition 
or  structure  of  the  earth,  the  sea,  and  the  air,  and  of  the  various 
organized  or  living  beings  which  inhabit  these  latter.  Every  object 
accessible  to  man,  or  which  may  be  handled  and  examined,  is  thus 
embraced  by  the  wide  circle  of  Chemical  Science. 

The  highest  efforts  of  Chemistry  are  constantly  directed  to  the  dis- 
covery of  the  general  laws  or  rules  which  regulate  the  formation  of 
chemical  compounds,  and  determine  the  action  of  one  substance  upon 
another.  These  laws  are  deduced  from  careful  observation  and  com- 
parison of  the  properties  and  relations  of  vast  numbers  of  individual 
substances  ; — and  by  this  method  alone.  The  science  is  entirely  ex- 
perimental, and  all  its  conclusions  the  results  of  skilful  and  systematic 
experimental  investigation. 

The  applications  of  the  discoveries  of  Chemistry  to  the  arts  of  lii'e, 
and  to  the  relief  of  human  suffering  in  disease,  are,  in  the  present  state 
of  the  science,  both  very  numerous  and  very  important,  and  encourage 
the  hope  of  still  greater  benefits  from  more  extended  knowledge  than 
that  now  enjoyed. 

In  ordinary  scientific  speech  the  term  chemical  is  applied  to  changes 
which  permanently  affect  the  properties  or  characters  of  bodies,  in 
opposition  to  effects  termed  physical,  which  are  not  attended  by  such 
consequences.  Changes  of  decomposition  or  combination  are  thus 
easily  distinguished  from  those  temporarily  brought  about  by  heat, 
electricity,  magnetism,  and  the  attractive  forces,  whose  laws  and 
effects  lie  within  the  province  of  Physics  or  Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visible  world  are  of  a  com- 
pound nature,  being  chemical  compounds,  or  variously-disposed  mix- 
tures of  chemical  compounds,  capable  of  being  resolved  into  simpler 
foi-ms  of  matter.    Thus,  a  piece  of  limestone  or  marble  by  the  applica- 
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tiou  of  a  ved-heat  is  decomposed  into  quicklime  and  a  gaseous  body, 
carbonic  acid.  Both  lime  and  carbonic  acid  are  in  their  turn  suscep- 
tible of  decomposition,  the  former  into  a  metal,  calcium,  and  oxygen, 
and  the  latter  into  carbon  and  oxygen.  For  this  purpose,  however, 
simple  heat  does  not  suffice,  the  resolution  of  these  substances  into 
their  components  demanding  the  exertion  of  a  high  degi-ee  of  chemical 
energy.  Beyond  this  second  step  of  decomposition  the  efforts  of 
Chemistry  have  hitherto  been  found  to  fail,  and  the  three  bodies, 
calcium,  carbon,  and  oxygen,  having  resisted  all  attempts  to  resolve 
them  into  simpler  forms  of  matter,  are  accordingly  admitted  into  the 
list  of  elements  ; — not  from  any  belief  in  their  real  oneness  of  nature, 
but  from  the  absence  of  any  evidence  that  they  contain  more  than  one 
description  of  matter. 

The  partial  study  of  certain  branches  of  Physical  Science,  as  the 
physical  constitution  of  gases,  the  chief  phenomena  of  heat  and  elec- 
tricity, and  a  few  other  subjects,  forms  such  an  indispensable  intro- 
duction to  Chemistry  itself,  that  it  is  never  omitted  in  the  usual 
courses  of  oral  instruction.  A  sketch  of  these  subjects  is,  in  accord- 
ance with  these  views,  placed  at  the  commencement  of  the  present 
volume. 
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PART  I -PHYSICS. 

OF  DENSITY  AND  SPECIFIC  GEAVITY. 

It  is  of  great  importance  in  the  outset  to  understand  clearly  what  is 
meant  by  the  terms  density  and  siJecific  gravity.  By  the  density  of 
a  body  is  meant  its  mass,  or  quantity  of  matter,  compared  witli  the 
mass  or  quantity  of  matter  of  an  equal  volume  of  some  standard  body, 
arbitrarily  chosen.  Specific  gravity  denotes  the  weight  of  a  body,  as 
compared  with  the  weight  of  an  equal  bulk,  or  volume,  of  the  standard 
body,  which  is  reckoned  as  unity.*  •  In  all  cases  of  solids  and  liquids 
this  standard  of  unity  is  pure  water  at  the  temperature  of  60°  Fahr. 
(15°*5C).  Anything  else  might  have  been  chosen;  there  is  nothing 
in  water  to  render  its  adoption  for  the  purpose  mentioned  indispen- 
sable ;  it  is  simply  taken  for  the  sake  of  convenience,  being  always  at 
hand,  and  easily  obtained  in  a  state  of  perfect  purity.  The  ordinary 
expression  of  specific  weight,  therefore,  is  a  number  expressing  how 
many  times  the  weight  of  an  equal  bulk  of  water  is  contained  in  the 
weight  of  the  substance  spoken  of.  If,  for  example,  we  say  that 
concentrated  oil  of  vitriol  has  a  specific  gravity  equal  to  1-85,  or 
that  perfectly  pure  alcohol  has  a  density  of  0-794  at  60°,  we  mean 
that  equal  bulks  of  these  two  liquids  and  of  distilled  water  possess 
weights  in  the  proportion  of  the  numbers  1'85,  0-794-,  and  1  ;  or  1850, 
794,  and  1000.  It  is  necessary  to  be  particular  about  the  tempe- 
rature, for,  as  will  be  hereafter  shown,  liquids  are  extremely  expan- 
sible by  heat ;  otherwise,  a  constant  bulk  of  the  same  liquid  will  not 
retain  a  constant  weight.  It  will  be  proper  to  begin  with  the  descrip- 
tion of  the  mode  in  which  the  specific  gi'avity  of  liquids  is  determined  : 
this  is  the  simplest  case,  and  the  one  which  best  illustrates  the  general 
principle. 

In  order  to  obtain  at  pleasure  the  specific  gravity  of  any  particular 
liquid  compared  with  that  of  water,  it  is  only  requisite  to  weigh 
equal  bulks  at  the  standard  temperature,  and  then  divide  the  weight 
of  the  liquid  by  the  weight  of  the  water ;  the  quotient  will  of  course 
be  greater  or  less  than  unity,  as  the  liquid  experimented  on  is  heavier 
or  lighter  than  water.  Now,  to  weigh  equal  bulks,  of  two  fluids, 
the  simplest  and  best  method  is  clearly  to  weigh  them  in  succession 

♦  In  other  words,  density  means  comparative  Tmss,  and  specific  ffravitv 
comparative  uxCuht.  These  expressions,  although  really  relating  to  distinct 
things,  are  often  used  quite  indifferently  in  chemical  writings,  and  witliout 
'"'T'  h  ^'"'^'^  "'''^^       weight  ore  directly  proportional  to 
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in  the  same  vessel,  taking  care  that  it  is  equally  full  on  both  occasions, 
a  condition  very  easy  of  fulfilment. 

A  thin  glass  bottle,  or  flask,  with  a  naiTow  neck,  is  procured,  of  the 
figure  represented  in  the  margin,  and  of  such  capacity  as  to  contain 

when  filled  to  about  half-way  up  the  neck, 
exactly  1000  grains  of  distilled  water  at  60° 
(15°-5C).  Such  a  flask  is  readily  procured 
from  any  one  of  the  Italian  artificers,  to  be 
found  in  every  large  town,  who  manufacture 
cheap  thermometers  for  sale.  A  counterpoise 
of  the  exact  weight  of  the  empty  bottle  is 
made,  fi-om  a  bit  of  brass,  an  old  weight, 
or  something  of  the  kind,  and  carefully 
adjusted  by  filing ;  an  easy  task.  The 
bottle  is  then  graduated,  by  introducing 
water  at  60°,  until  it  exactly  balances  the 
1000-grain  weight  and  countei-poise  in  the 
opposite  scale  ;  the  height  at  which  the 
water  stands  in  the  neck  is  marked  by  a 
sci'atch,  and  the  instrument  is  complete 
for  use.  The  liquid  to  be  examined 
is  brought  to  the  temperature  of  60°,  and 
with  it  the  bottle  is  filled  up  to  the  mark 
before  mentioned ;  it  is  then  weighed, 
the  counterpoise  being  used  as  before,  and  the  specific  gravity  directly 
ascertained. 

A  watery  liquid  in  a  narrow  glass  tube  always  presents  a  curved 
surface  from  the  molecular  action  of  the  glass,  the  concavity  being 
upwards.  It  is  better,  on  this  account,  in  graduating  the  bottle,  to 
make  two  scratches  as  represented  in  the  drawing,  one  at  the  'op 
and  the  other  at  the  bottom  of  the  curve :  tliis  prevents  any  future 
mistake.  The  marks  are  easily  made  by  a  fine,  sharp,  triangular 
file,  the  hard  point  of  which,  also,  it  may  be  observed,  answers 
perfectly  well  for  writing  upon  glass,  in  the  absence  of  a  proper 
diamond-pencil. 

The  specific-gravity  bottle  above  described  differs  from  those  com- 
monly made  for  sale  by  the  instrument-makers.  These  latter  are 
constructed  with  a  perforated  stopper,  so  arranged  that  when  the 
bottle  is  quite  filled,  the  stopper  put  in  its  place,  and  the  excess  of 
liquid  wliich  flows  through  the  hole  wiped  from  the  outvside,  a  con- 
stant measure  is  always  had.  There  are  inconveniences  attending 
the  use  of  the  stopper  which  lead  to  a  preference  of  the  open  bottle 
with  merely  a  mark  on  the  neck,  even  when  very  volatile  liquids  are 
experimented  with. 

It  will  be  quite  obvious  that  the  adoption  of  a  flask  holding  ex- 
actly 1000  grains  of  water  has  no  other  object  than  to  save  the 
trouble  of  a  very  trifling  calculation  ;  any  other  quantity  would  answer 
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just  as  well,  and,  in  fact,  the  experimental  chemist  is  often  compelled 
to  use  a  bottle  of  much  smaller  dimensions,  from  scarcity  of  the  liquid 
to  be  examined.  The  shape  is  also  in  reality  of  little  moment ;  any 
light  phial  with  a  narrow  neck  may  be  employed,  not  quite  so  con- 
veniently perhaps,  as  a  specific-gravity  bottle. 

The  determination  of  the  specific  gravity  of  a  solid  is  also  an 
operation  of  great  facility,  although  the  principle  is  not  so  obvious. 
As  it  would  be  impossible  to  put  in  practice  a  direct  method  like  that 
indicated  for  liquids,  recourse  is  had  to  another  plan.  The  celebrated 
theorem  of  Archimedes  affords  a  solution  of  the  difficulty.  This  theo- 
rem may  be  thus  expressed  : — 

When  a  solid  is  immersed  in  a  fluid,  it  loses  a  portion  of  its 
weight ;  and  this  portion  is  equal  to  the  weight  of  the  fluid 
which  it  displaces  ;  that  is,  to  the  weight  of  its  own  bulk  of 
that  fluid. 

It  is  easy  to  give  experimental  proof  of  this 
very  important  proposition,  as  well  as  to  esta- 
blish it  by  reasoning.  The  drawing  represents 
a  little  apparatus  for  the  former  pui'pose.  This 
consists  of  a  thin  cylindrical  vessel  of  brass,  into 
the  interior  of  which  fits  very  accurately  a  solid 
cylinder  of  the  same  metal,  thus  exactly  filling 
it.  When  the  cylinder  is  suspended  beneath  the 
bucket,  as  seen  in  the  sketch,  the  whole  hung 
from  the  arm  of  a  balance  and  counterpoised,  and 
then  the  cylinder  itself  immersed  in  water,  it 
will  be  found  to  have  lost  a  certain  weight ;  and 
that  this  loss  is  precisely  equal  to  the  weight  of 
an  equal  bulk  of  water,  may  then  be  proved  by- 
filling  the  bucket  to  the  brim,  whereupon  the 
equilibrium  will  be  restored. 

The  consideration  of  the  great  hydrostatic 
law  of  fluid  pressure  easily  proves  the  truth  of 
the  principle  laid  down.  Let  the  reader  figure 
to  liimself  a  vessel  of  water,  having  immersed 
in  it  a  solid  cylindrical  or  rectangular  body,  and 
so  adjusted  with  respect  to  density,  that  it  shall 
float  indifferently  in  any  part  beneath  the  surface 
(fig.  3). 

Now  the  law  of  fluid  pressure  is  to  this  effect: 

exerted  by  a  fluid  upon  the  containing  vessel,  or'  upon   

plunged  beneath  its  surface,  depends,  first,  upon  the  density  of  that 
flmd,  and,  secondly,  upon  the  perpendicular  height  of  the  column.  It 
IS  mdependent  of  the  form  and  lateral  dimensions  of  the  vessel  or  im- 
mersed body.  Moreover,  owing  to  the  peculiar  physical  constitution 
of  fluids,  this  pressure  is  exerted  equally  in  every  direction,  upwards, 
downwards,  and  laterally,  with  equal  force  '   i  j 


pressure 
anything 
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The  floating  body  is  in  a-  state  of  equilibrium ;  therefore  the  pres- 
sure downwards  caused  by  its  gravitation  must  be  exactly  compensated 
by  the  upward  transmitted  pressure  of  the  column  of  water,  a,  h. 

But  this  pressure  downwards  is  obviously 
equal  to  the  weight  of  an  equal  quantity  of 
water,  since  the  body  of  necessity  displaces 
its  own  bulli — 

Hence,  the  weight  lost  or  supported  by  the 
water,  is  the  weight  of  a  volume  of  water 
equal  to  that  of  the  body  immersed. 

Whatever  be  the  density  of  the  substance 
it  will  be  buoyed  up  to  this  amount ;  in  the 
case  supposed,  the  buoyancy  is  equal  to  the 
whole  weight  of  the  body,  which  is  thus, 
while  in  the  watei',  reduced  to  nothing. 
A  little  reflection  will  show  that  the  same 
reasoning  may  be  applied  to  a  body  of  irregular  form  ;  besides,  a  solid 
of  auy  figure  may  be  divided  by  the  imagination  into  a  multitude  of 
little  perpendicular  prisms,  or  cylinders,  to  each 
of  which  the  argument  may  be  applied.  What 
is  true  of  each  individually,  must  necessarily  be 
true  of  the  whole  together. 

This  is  the  fundamental  principle ;  its  ap- 
plication is  made  in  the  following  manner : — 
/     I  \  Let  it  be  required,  for  example,  to  know  the 

<£;__>i__^  specific  gi-avity  of  a  body  of  extremely  irregular 
form,  as  a  small  group  of  rock  crystals  :  the 
first  part  of  the  operation  consists  in  determin- 
ing its  absolute  weight,  or,  more  correctly 
speaking,  its  weight  in  air  ;  it  is  next  sus- 
pended from  the  balance-pan  by  a  fine  hoi'se- 
hair,  immersed  completely  in  pure  water  at  60° 
(15"*5C),  and  again  weighed.  It  now  weighs 
less,  the  difference  being  the  weight  of  the  water 
it  displaces,  that  is,  the  weight  of  an  equal  bulk. 
This  being  known,  nothing  more  is  required 
than  to  find,  by  division,  how  many  times  the 
latter  number  is  contained  in  the  former;  the 
quotient  will  be  the  density,  water  being 
taken  =  1.    For  example  ; — 

The  quartz-crystals  weigh  in  air    .  .  .    293"7  grains. 

When  immersed  in  water,  they  weigh  .  180-1 

Difference,  being  the  weight  of  an  equal  volume  of 

water  .....  113*6 

293'7 

jYgTg  =  2-58,  the  specific  gravity  required. 
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The  arbitrary  rule  is  generally  thus  written  :  "  Divide  the  weight 
in  air  by  the  loss  of  weight  in  water,  and  the  quotient  will  be  the 
specific  gravity."  In  reality  it  is  not  the  weight  in  air  which  is 
required,  but  the  weight  the  body  would  have  in  empty  space :  the 
error  introduced,  namely,  the  weight  of  an  equal  bulk  of  air,  is  so 
trifling  that  it  is  usually  neglected. 
'  Sometimes  the  body  to  be  examined  is  lighter  than  water,  and 
floats.  In  this  case,  it  is  first  weighed  and  afterwards  attached  to  a 
piece  of  metal,  heavy  enough  to  sink  it,  and  suspended  from  the  balance. 
The  whole  is  then  exactly  weighed,  immersed  in  water,  and  again 
weighed.  The  difference  between  the  two  weighings  gives  the  weight 
of  a  quantity  of  water  equal  in  bulk  to  both  together.  The  light 
substance  is  then  detached,  and  the  same  operation  of  weighing  in  air, 
and  asain  in  water,  repeated  on  the  piece  of  metal.  These  data  give 
the  m'eans  of  finding  the  specific  gravity,  as  will  be  at  once  seen  by  the 
following  example  :  — 

Light  substance  (a  piece  of  wax)  weighs  in  air       .    133*7  grains. 

Attached  to  a  piece  of  brass,  the  whole  now  weighs  183'7 


Immersed  in  water,  the  system  weighs.           .  38 '8 

Weight  of  water  equal  in  bulk  to  brass  and  wax  .  144*9 

Weight  of  brass  in  air  ....  50*0 

Weight  of  brass  in  water  .          .           .  .    •  4-4*4 

Weight  of  equal  bulk  of  water  .          .          .  5' 6 

Bulk  of  water  equal  to  wax  and  brass       .  .    144' 9 

Bulk  of  water  equal  to  brass  alone       .          .  5*6 

Bulk  of  water  equal  to  wax  alone  .          .  .  139"3 
133-7 


139^  =  0-9598. 

In  all  such  ex-periments,  it  is  necessai-y  to  pay  attention  to  the  tem- 
perature and  purity  of  the  water,  and  to  remove  with  great  care  all 
adhering  air-bubbles  ;  otherwise  a  false  result  will  be  obtained. 

Other  cases  require  mention  in  which  these  operations  must  be  mo- 
dified to  meet  particular  difficulties.  One  of  these  happens  when  the 
substance  is  disBolved  or  acted  upon  by  water.  This  difficulty  is 
easily  overcome  by  substituting  some  other  liquid  of  known  density 
which  experience  shows  is  without  action.  Alcohol  or  oil  of  turpen- 
tine may  generally  be  used  when  water  is  inadmissible.  Suppose,  for 
instance,  the  specific  gravity  of  crystallized  sugar  is  required,  we  pro- 
ceed in  the  following  way: — The  specific  gravity  of  the  oil  of  turpen- 
tine is  first  carefully  determined ;  let  it  be  0-87 ;  the  sugar  is  next 
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weighed  in  the  air,  then  Suspended  by  a  horse-hair,  and  weighed  in 
the  oil ;  the  difFerence  is  the  weight  of  an  equal  bulk  of  the  latter ;  a 
simple  calculation  gives  the  weight  of  a  corresponding  volume  of 
water : — 

Weight  of  sugar  in  air       .  .  .    400  gi-ains. 

Weight  of  sugar  in  oil  of  turpentine      .  182-5 

Weight  of  equal  bulk  of  oil  of  turpentine    .  217-5 
87  :  100  =  217-5  :  250,  ■ 

the  weight  of  an  equal  bulk  of  water ;  hence  the  specific  gravity  of 
the  sugar, 

400 

250=  l"^- 

The  substance  to  be  examined  may  be  in  small  fragments,  or 
powder.  Here  the  operation  is  also  veiy  simple.  A  bottle  holding  a 
known  weight  of  water  is  taken  ;  the  specific-gravity  bottle  already 
described  answers  perfectly  well.  A  convenient  quantity  of  the  sub- 
stance is  next  carefully  weighed  out,  aud  introduced  into  the  bottle, 
which  is  then  filled  up  to  the  mark  on  the  neck  with  distilled  water. 
It  is  clear  that  the  vessel  now  contains  less  water  by  a  quantity  equal 
to  the  bulk  of  the  powder  than  if  it  were  filled  in  the  usual  manner. 
It  is,  lastly,  weighed.  In  the  subjoined  experiment  emery  powder  was 
tried.  • 

The  bottle  held,  of  water  ....  1000  gi-ains. 
The  substance  introduced  weighed        .  .  100 


Weight  of  the  whole,  had  no  water  been  displaced  .  1100 
The  observed  weight  is,  however,  only  .  .  1070 


Hence  water  displaced,  equal  in  bulk  to  the  powder  30 
100 

-^  =  3 -333  specific  gravity. 

By  this  method  the  specific  gravities  of  metals  in  powder,  metallic 
oxides,  and  other  compounds,  and  salts  of  all  descriptions,  may  be 
determined  with  great  ease.  Oil  of  tui-pentine  may  be  used  with 
most  soluble  salts.  The  crj'stals  should  be  crushed  or  roughly  pow- 
dered to  avoid  errors  arising  from  cavities  in  their  substance. 

The  theorem  of  Archimedes  afibrds  the  key  to  the  general  doctrine 
of  the  equilibrium  of  floating  bodies,  of  which  an  application  is  made 
in  the  common  hydrometer,— an  instrument  for  finding  the  specific 
gravities  of  liquids  in  a  very  easy  and  expeditious  manner. 

When  a  solid  body  is  placed  upon  the  surface  of  a  fluid  specifically 
heavier  than  itself,  it  sinks  down  until  it  displaces  a  quantity  of  fluid 
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equal  to  its  own  weight,  at  which  point  it  floats.  Thus,  in  the  case 
of  a  substance  floating  in  watpr,  whose  specific  weight  is  one-half  that 
of  the  fluid,  the  position  of  equilibrium  will  involve  the  immersion  of 
exactly  one-half  of  the  body,  inasmuch  as  its  whole 
weight  is  counterpoised  by  a  quantity  of  water  equal 
to  half  its  volume.  If  the  same  body  were  put  into  a 
fluid  of  one-half  the  specific  gravity  of  water,  if  such 
could  be  found,  then  it  would  sinli  beneath  the  surface, 
and  remain  indifferently  in  any  part.  A  floating  body 
of  known  specific  gravity  may  thus  be  used  as  an  in- 
dicator of  the  specific  gravity  of  a  fluid.  In  this 
manner  little  glass  beads  of  Isnown  specific  gi-avities  are 
sometimes  employed  in  the  arts  to  ascertain  in  a  rude 
manner  the  specific  gravity  of  liquids ;  the  one  that  floats  indifferently 
beneath  the  surface,  without  either  sinking  or  rising,  has  of  course 
the  same  specific  gi-avity  as  the  liquid  itself ;  this  is  pointed  out  by 
the  number  marked  upon  the  bead. 

The  hydrometer  in  general  use  consists  of  a  floating  vessel  of  thin 
metal  or  glass,  having  a  weight  beneath  to  maintain  it  in  an  upright 
position,  and  a  stem  above  bearing  a  divided 
scale.  The  use  of  the  instrument  is  very  sim- 
ple. The  liquid  to  be  tried  is  put  into  a  small 
narrow  jar,  and  the  instrument  floated  in  it. 
It  is  obvious  that  the  denser  the  liquid,  the 
higher  will  the  hydrometer  float,  because  a 
smaller  displacement  of  fluid  will  counter- 
balance its  weight.  For  the  same  reason,  in  a 
liquid  of  less  density,  it  sinks  deeper.  The 
hydrometer  comes  to  rest  almost  immediately, 
and  then  the  mark  on  the  stem  at  the  fluid- 
level  may  be  read  off. 

Very  extensive  use  is  made  of  instruments 
of  this  kind  in  the  arts  :  they  sometimes  bear 
different  names,  according  to  the  kind  of 
liquid  for  which  they  are  intended  ;  but  the 
principle  is  the  same  in  all.  The  graduation 
is  very  commonly  arbitrary,  two  or  three 
different  scales  being  unfortunately  used. 
These  may  be  sometimes  reduced,  however, 
to  the  true  numbei's  expressing  the  specific 
gravity  by  the  aid  of  tables  of  comparison  drawn  up  for  the  purpose. 

A  very  convenient  and  useful  instrument  in  the  shape  of  a  small 
hydrometer  for  taking  the  specific  gravity  of  urine,  has  lately  been 
put  into  the  hands  of  the  physician ;  *  it  may  be  packed  into  a  pocket- 

•  This  and  other  instruments  described  or  figured  in  the  course  of  the 
work,  may  be  had  of  Mr.  Newman,  122,  Regent  Street,  upon  the  excellence  of 
whose  workmanship  reliance  may  be  placed. 
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case,  with  a  little  jar  and  a  thermometer,  and  is  always  ready  for 
use. 

The  determination  of  the  specific  gravity  of  gases  and  vapoure  of 
volatile  liquids  is  a  problem  of  very  great  practical  importance  to  the 
chemist :  the  theory  of  the  operation  is  as  simple  as  when  liquids 
themselves  are  concerned',  but  the  processes  are  much  more  dehcate, 
and  involve  besides  certain  corrections  for  differences  of  temperature 
and  pressure,  founded  on  principles  yet  to  be  discussed.  It  will  be 
proper  to  defer  the  consideration  of  these  matters  for  the  pi  esent. 
The  method  of  determining  the  specific  gravity  of  a  gas  will  be  found 
described  under  the  head  of  "  Oxygen,"  and  that  of  the  vapour  of  a 
volatile  liquid  in  the  Introduction  to  Organic  Chemistry. 
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PHYSICAL  CONSTITUTION  OF  THE  ATMOSPHERE, 
AND  OF  GASES  IN  GENERAL, 

It  requires  some  little  abstraction  of  mind  to  realize  completely  the 
singular  condition  in  which  all  things  at  the  surface  of  the  earth 
exist.  We  live  at  the  bottom  of  an  immense  ocean  of  gaseous  matter, 
which  envelopes  everything,  and  presses  upon  everything  with  a  force 
which  appears,  at  first  sight,  perfectly  incredible,  but  whose  actual 
amount  admits  of  easy  proof. 

Gravity  being,  so  far  as  is  known,  common  to  all  matter,  it  is  na- 
tural to  expect  that  gases,  being  material  substances,  should  be  acted 
ujDon  by  the  earth's  attraction,  as  well  as  solids  and  liquids.  This  is 
really  the  case,  and  the  result  is  the  weight  or  pressure  of  the  atmo- 
sphere, which  is  nothing  more  than  the  efi'ect  of  the  attraction  of  the 
earth  on  the  particles  of  air. 

Before  describing  the  leading  phenomena  of  the  atmospheric  pres- 
sure, it  is  necessary  to  notice  one  very  remarkable  feature  in  the 
physical  constitution  of  gases,  upon  which  depends  the  principle  of  an 
extremely  valuable  instrument,  the  air-pump. 

Gases  ai'e  in  the  highest  degree  elastic ;  the  volume  or  space  which 
a  gas  occupies  depends  upon  the  pressure  exerted  upon  it.  Let  the 
reader  imagine  a  cylinder,  a,  closed 
at  the  bottom,  in  which  moves  a  ^" 
piston,  air-tight,  so  that  no  air  can 
escape  between  the  piston  and  the 
cylinder.  Suppose  now  the  piston 
be  pressed  downwards  with  a  certain 
force ;  the  air  beneath  it  will  be 
compressed  into  a  smaller  bulk,  the 
amount  of  this  compression  depend- 
ing on  the  force  applied;  if  the 
power  be  sufficient,  the  bulk  of  the 
gas  may  be  thus  diminished  to  one 
hundredth  part  or  less.  When  the 
pressure  is  removed,  the  elasticity  or 
tension,  as  it  is  called,  of  the  included 
air  or  gas,  will  immediately  force  up 
the  piston  until  it  arrives  at  its  first 
position. 

A  gam,  take  fig.  6,  and  suppose  the 
piston  to  stand  about  the  middle  of 
the  cylinder,  having  air  beneath  in  its  usual  state.    If  the  piston  be 
now  drawn  upwards,  the  air  below  will  expand,  so  as  to  fill  com- 
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pletely  the  increased  space,  and  this  to  an  apparently  unlimited  ex- 
tent. A  volume  of  air  which  under  ordinary  ciicumstances  occupies 
the  bulk  of  a  cubic  inch,  might,  by  the  removal  of  the  pressure  upon 
it,  be  made  to  expand  to  the  capacity  of  a  whole  room,  while  a  renewal 
of  the  former  pressure  would  be  attended  by  a  shi'inking  down  of 
the  air  to  its  former  bulk.  The  smallest  portion  of  gas  introduced 
into  a  large  exhausted  vessel  becomes  at  once  diffused  through  the 
whole  space,  an  equal  quantity  being  present  in  every  part ;  the  vessel 
is  full,  although  the  gas  is  in  a  state  of  extreme  tenuity.  This  power 
of  expansion  which  air  possesses  may  have,  and  probably  has,  in 
reality,  a  limit ;  but  the  limit  is  never  reached  in  practice.  We  are 
quite  safe  in  the  assumption,  that  for  all  purposes  of  experiment, 
however  refined,  air  is  perfectly  elastic. 

It  is  usual  to  assign  a  reason  for  this  indefinite  expansibility  by 
ascribing  to  the  particles  of  material  bodies,  when  in  a  gaseous  state. 


n 
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a  self-repulsive  energy.  This  statement  is  commonly  made  somewhat 
in  this  manner  :  matter  is  under  the  influence  of  two  opposite  forces, 
one  of  which  tends  to  draw  the  particles  together,  tlie  other  to  sepa- 
rate them.  By  the  pi-eponderance  of  one  or  other  of  these  forces,  we 
have  the  three  states  called  solid,  liquid,  and  gaseous.  When  the 
particles  of  matter,  in  consequence  of  the  direction  and  strength  of  their 
mutual  attractions,  possess  only  a  veiy  slight  power  of  motion,  a  solid 
substance  results  ;  when  the  forces  are  nearly  balanced,  we  have  a 
liquid,  the  particles  of  which  in  the  interior  of  the  mass  are  Iree  to 
move,  but  yet  to  a  certain  extent  are  held  together;  and,  lastly,  when 
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the  attractive  power  seems  to  be  completely  overcome  by  its  anta- 
gonist, we  have  a  gas  or  vapour. 

Various  names  are  applied  to  these  forces,  and  various  ideas  enter- 
tained concerning  them  ;  the  attractive  forces  bear  the  name  of  cohesion 
when  they  are  exerted  between  particles  of  matter  separated  by  a  very 
small  interval,  and  gravitation,  when  the  distance  is  great.  The  repul- 
sive principle  is  often  thought  to  be  identical  with  the  principle  of  heat. 

The  ordinary  air-pump,  shown  in  section  in  fig.  8,  consists  essen- 
tially of  a  metallic  cylinder,  in  which  moves  a  tightly  fitting  piston,  by 
the  aid  of  its  rod.  The  bottom  of  the  cylinder  communicates  with  the 
vessel  to  be  exhausted,  and  is  furnished  with  a  valve  opening  upwai'ds. 
A  similar  valve,  also  opening  upwards,  is  fitted  to  the  piston  ;  these 
valves  are  made  with  slips  of  oiled  silk.  When  the  piston  is  raised 
from  the  bottom  of  the  cylinder,  the  space  left  beneath  it  must  be  void 
of  air,  since  the  piston-valve  opens  only  in  one  direction ;  the  air 


within  the  receiver  having  on  that  side  nothing  to  oppose  its  ehsti,. 
power  but  the  weight  of  the  little  valve,  lifts  the  latter  ani  e  2 
m to  the  cyl,nde.^    So  soon  as  the  piston  begins  to  descend,  the Towe 
valve  closes,  by  its  own  weight,  or  by  the  transmitted  pressure  ft om 
above,  and  communication  with  the  receiver  is  cut  off.    As  the  desceTt 
of  the  piston  continues,  the  air  included  within  the  cvlind  become 
compressed,  Its  elasticity  is  increased,  and  at  length  it" fore  s  openTh 
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Fig.  10. 


upper  valve,  and  escapes  into  the  atmosphere.  In  this  manner  a 
cylinder  full  of  air  is  at  every  stroke  of  the  pump  removed  from  the 
receiver.  During  the  descent  of  the  piston,  the  upper  valve  remains  open, 
and  the  lower  closed,  and  the  reverse  during  the  opposite  movement. 

In  practice,  it  is  very  convenient  to  have  two  such  barrels  or  cylin- 
ders, arranged  side  by  side,  the  piston-rods  of  which  are  formed  into 
racks,  having  a  pinion,  or  small-toothed  wheel,  between  them,  moved 
by  a  winch.  By  this  contrivance  the  operation  of  exhaustion  is  much 
facilitated  and  the  labour  lessened.  The  arrangement  is  shown  in  fig. 
9,  on  the  preceding  page. 

A  simpler  and  far  superior  form  of  air-pump  is  thus  constructed : 
the  cylinder,  which  may  be  of  large  dimensions,  is  furnished  with  an 
accurately-fitted  solid  piston,  the  rod  of  which  moves,  air-tight, 
tlirough  a  contrivance  called  a  stuffing-box,  at  the  top  of  the  cylinder, 
where  also  the  only  valve  essential  to  the  apparatus  is  to  be  foimd  ; 
the  latter  is  a  solid  conical  plug  of  metal,  shown  at  a  in  the  figure, 
kept  tight  by  the  oil  contained  in  the  chamber  into 
which  it  opens.  The  communication  with  the  ves- 
sel to  be  exliausted  is  made  by  a  tube  which  entei-s 
the  cylinder  a  little  above  the  bottom.  The  action 
is  the  following  :  let  the  piston  be  supposed  in  the 
act  of  rising  from  the  bottom  of  t]ie  cylinder ;  as 
soon  as  it  passes  the  mouth  of  the  tube  t,  all  com- 
munication is  stopped  between  the  air  above  the 
piston  and  the  vessel  to  be  exhausted ;  the  en- 
closed air  suffers  compression,  until  it  acquires  suf- 
i^gi  ficient  elasticity  to  lift  the  metal  valve  and  escape 

cJQ_  I'  1  by  bubbling  through  the  oil.  When  the  piston 
makes  its  descent,  and  this  valve  closes,  a  vacuum 
is  left  in  the  upper  part  of  the  cylinder,  into  which 
the  air  of  the  receiver  rushes  so  soon  as  the  piston 
has  passed  below  the  orifice  of  the  connecting  tube. 

In  the  silk  valved  air-pump  exhaustion  ceases 
when  the  elasticity  of  the  air  in  the  receiver  be- 
comes too  feeble  to  raise  the  valve  ;  in  that  last 
described,  the  exhaustion  may,  on  the  contraiy,  be 
carried  to  an  indefinite  extent,  without,  however, 
under  the  most  favourable  circumstances,  becoming 
complete.  The  conical  valve  is  made  to  project  a 
little  below  the  cover  of  the  cylinder,  so  as  to  be 
forced  up  by  the  piston  when  the  latter  reaches  the 
top  of  the  cylinder ;  the  oil  then  enters  and  displaces  any  ;ur  that  may 
be  lurking  in  the  cavity. 

It  is  a  great  improvement  to  the  machine  to  supply  the  piston  with 
a  relief-valve  opening  upwards  ;  this  may  also  be  of  metal,  and  con- 
tained widiin  the  body  of  the  piston.  Its  use  is  to  avoid  the  momen- 
tary condensation  of  the  air  in  the  receiver  when  the  piston  descends. 
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The  pump  is  worked  by  a  lever 
drawing  below. 

To  return  to  the  atmosphere. 
Air  possesses  weight ;  a  light 
flask  or  globe  of  glass,  furnished 
with  a  stop-cock  and  exhausted 
by  the  air-pump,  weighs  consi- 
derably less  than  when  full  of 
air.  if  the  capacity  of  tlie  ves- 
sel be  equal  to  100  cubic  inches, 
this  difference  may  amount  to 
nearly  30  grains. 

The  mere  fact  of  the  pressure 
of  the  atmosphere  may  be  de- 
monstrated by  securely  tying  a 
piece  of  bladder  over  the  mouth 
of  an  open  glass  receiver,  and 
then  exhausting  the  air  from 
beneath  it ;  the  bladder  will  be- 
come more  and  more  concave, 
until  it  suddenly  breaks.  A 
thin  square  glass  bottle,  or  a 
large  air-tight  tin  box,  may  be 
crushed  by  withdrawing  the  sup- 
port of  the  air  in  the  inside. 
Steam-boilers  have  been  often 
destroyed  in  this  manner  by 
collapse,  in  consequence  of  the 
accidental  formation  of  a  partial 
vacuum  within.  ' 

After  what  has  been  said  on 
the  subject  of  fluid  pressure,  it 
will  scarcely  be  necessary  to  ob- 
serve that  the  law  of  equality  of 
pressure  in  all  directions  also 
holds  good  in  the  case  of  the  at- 
mosphere. The  jierfect  mobility 
of  the  particles  of  air  permits 
the  transmission  of  the  force  ge- 
nerated by  their  gravity.  The 
sides  and  bottom  of  an  exhaust- 
ed vessel  are  pressed  upon  with 
as  much  force  as  the  top. 

If  a  glass  tube  of  considerable 
length  could  be  perfectly  ex- 
hausted of  air,  and  then  held  in 
an  upright  position,  with  one  of 


in  the  manner  represented  in  the 
Fig.  11. 


its  ends  dipping  into  a  vessel  of 
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Fig.  12. 


liquid,  the  latter,  on  being  allowed  access  to  the  tube,  would  rise  in 
its  interior  until  the  weight  of  the  column  balanced  the  pressure 
of  the  air  upon  the  surface  of  the  liquid.  Now,  if  the 
density  of  this  liquid  were  known,  and  the  height  and 
area  of  the  colmnn  measured,  means  vyould  be  fur- 
nished for  exactly  estimating  the  amount  of  pressure 
exerted  by  the  atmosphere.  Such  an  instrument  is  the 
barometer :  a  straight  glass  tube  is  taken,  about  36 
inches  in  length,  and  sealed  by  the  blowpipe  flame  at 
one  extremity ;  it  is  then  filled  with  clean,  dry  mer- 
cury, care  being  taken  to  displace  all  air-bubbles,  the 
open  end  stopped  with  a  finger,  and  the  tube  inverted 
in  a  basin  of  mercury.  On  removing  the  fiuger,  the 
fluid  sinks  away  from  the  top  of  the  tube,  until  it 
stands  at  the  height  of  about  30  inches  above  the  level 
of  that  in  the  basin.  Here  it  remains  supported  by, 
and  balancing  the  atmospheric  pressure,  the  space  above 
the  mercury  in  the  tube  being  of  necessity  empty. 

The  pressure  of  the  atmosphere  is  thus  seen  to  be 
capable  of  sustaining  a  column  of  mercury  30  inches  in 
height,  or  thereabouts  :  now  such  a  column,  having  an 
area  of  one  inch,  weighs  between  14  and  15  pounds, 
consequently  such  must  be  the  amount  of  the  f)ressure 
exerted  upon  every  square  inch  of  the  smface  of  the 
earth,  and  of  the  objects  situated  thereon,  at  least  near 
the  level  of  the  sea.  This  enormous  force  is  borne 
without  inconvenience  by  the  animal  fiame,  by  reason 
of  its  perfect  uniformity  in  every  direction,  and  it  may 
be  doubled,  or  even  tripled  without  injury. 

A  barometer  may  be  coifstructed  with  other  liquids 
besides  mercury  ;  but,  as  the  height  of  the  column  must 
always  bear  an  inverse  proportion  to  the  density  of  the 
liquid,  the  length  of  tube  required  will  be  often  consi- 
derable ;  in  the  case  of  water  it  will  exceed  33  feet.  It 
is  seldom  that  any  other  liquid  than  mercury  is  em- 
ployed in  the  construction  of  this  instrument.  The 
Koya]  Society  of  London  possess  a  water-baromeljj^at 
their  apartments  at  Somerset  House.    Its  constriilron 
was  attended  with  great  difliculties,  and  it  has  been 
found  impossible  to  keep  it  in  repair. 
It  will  now  be  necessary  to  consider  a  most  impoi-tant  law  which 
connects  the  volume  occupied  by  a  gas  with  the  pressure  made  upon 
it,  and  which  is  thus  expressed  : — 

The  volume  of  a  gas  is  inversely  as  the  pressure  ;  the  density 
and  elastic  force  are  directly  as  the  pressure,  and  inversely  as 
the  volume. 

For  instance,  100  cubic  inches  of  gas  under  a  pressure  of  30  inches 
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of  mercuiy  would  expand  to  200  cubic  inches 
were  the  pressure  reduced  to  one-half,  and  shrink, 
on  the  contraiy,  to  50  cubic  inches  if  the  ori- 
crinal  pressure  were  doubled.  The  change  of 
density  must  necessarily  be  in  the  inverse  pro- 
portion to  that  of  the  volume,  and  the  elastic 
force  follows  the  same  rule. 

This,  which  is  usually  called  the  law  of  Ma- 
riotte,  is  easily  demonstrable  by  direct  experi- 
ment. A  glass  tube,  about  7  I'eet  in  length,  is 
closed  at  one  end,  and  bent  into  the  form  repre- 
sented, the  open  limb  of  the  siphon  being  the 
longer.  It  is  next  attached  to  a  board  furnished 
with  a  moveable  scale  of  inches,  and  enough 
mercury  is  introduced  to  fill  the  bend,  the  level 
being  evenly  adjusted,  and  marked  upon  the 
board.  Mercury  is  now  poured  into  the  tube 
until  it  is  found  that  the  enclosed  air  has  been 
reduced  to  one-half  of  its  former  volume ;  and 
on  applying  the  scale,  it  will  be  found  that  the 
level  of  the  mercury  in  the  open  part  of  the  tube 
stands  very  nearly  30  inches  above  that  in  the 
closed  fiortion.  The  pressure  of  an  additional 
"  atmosphere "  has  consequently  reduced  the 
bulk  of  the  contained  air  to  one-half.  If  the 
experiment  be  still  continued  until  the  volume 
of  air  is  reduced  to  a  third,  it  will  be  found 
that  the  column  measures  60  inches,  and  so 
in  like  proportion  as  far  as  the  experiment  is 
cari'ied. 

The  above  instrument  is  better  adapted  for 
illustration  of  the  principle  than  for  furnishing 
rigorous  proof  of  the  law ;  this  has,  however, 
been  done.  MM.  Arago  and  Dulong  published, 
in  the  year  1830,  an  account  of  certain  experi- 
ments made  by  them  in  Paris,  in  which  the  law 
in  |Bistion  had  been  verified  to  the  extent  of  27 
atmospheres. 

All  gases  are  alike  subject  to  this  law,  and  all 
vapours  of  volatile  liquids,  when  remote  from 
their  points  of  liquefaction.*  It  is  a  matter  of 
the  gi-eatest  imi)ortance  in  practical  chemistiy, 
since  it  gives  the  means  of  making  corrections 
for  pressure,  or  determining  by  calculation  the  (- 

*  When  near  the  liquefying  point  the  law  no  longer  holds;  the  volume 
diminishos  more  rapidhj  than  the  theory  indicates,  a  smaller  amount  of 
pressure  being  then  sulFicient. 
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change  of  volume  which  a  gas  would  sufler  by  any  given  chancre  of 
exlernal  pressure. 

Let  it  be  required,  for  example,  to  solve  the  following  problem  : — 
We  have  100  cubic  inches  of  gas  in  a  graduated  jar,  the  barometer 
standing  at  29  inches  ;  how  many  cubic  inches  will  it  occupy  when 
the  column  rises  to  30  inches  ? — Now  the  volume  must  be  inversely 
as  the  pressure;  consequently  a  change  of  pressure  in  the  pi oportion 
of  29  to  30  must  be  accompanied  by  a  change  of  volume  in  the  pro- 
portion of  30  to  29  ;  30  cubic  inches  of  gas  contracting  to  29  cubic 
inches  under  the  conditions  imagined.    Hence  the  answer  : — • 

30  :  29  =  100  :  96'67  cubic  inches. 

The  reverse  of  the  operation  will  be  obvious.  The  practical  pupil  wil' 
do  well  to  familiarize  himself  with  these  siinple  calculations  of  correc- 
tion for  pressure. 

From  what  has  been  said  respecting  the  easy  compressibility  of 
gases,  it  will  be  at  once  seen  that  the  atmosphere  cannot  have  the 
same  density,  and  cannot  exert  equal  pressures  at  different  elevations 
above  the  sea-level,  but  that,  on  the  contrary,  these  must  diminish 
with  the  altitude,  and  very  rapidly.  The  lower  strata  of  air  have  to 
bear  the  weight  of  those  above  them  ;  they  become,  in  consequence, 
denser  and  more  compressed  than  the  upper  portions.  The  following 
table,  which  is  taken  from  Prof.  Graham's  work,  shows  in  a  very 
simple  manner  the  rule  followed  in  this  respect : — 


Height  above  the 

Height  of  barometer, 

sea,  in  miles. 

Volume  of  air. 

in  inches. 

0 

.     1  . 

.  30 

2-705 

2 

15 

5-41  . 

'    .     4  . 

7-5 

8-115  . 

8 

3-75 

10-82  . 

.    16  . 

1-875 

13-525 

32 

0-9375 

16-23  . 

.    64  . 

0-46875 

The  numbers  in  the  first  column  form  an  arithmetical  series,  by  the 
constant  addition  of  2-705 ;  those  in  the  second  column  an  increasing 
geometrical  series,  each  being  double  its  predecessor  ;  and  those  in  the 
third,  a  decreasing  geometrical  series,  in  which  each  number  is  the 
half  of  that  standing  above  it. 

In  ascending  into  tlie  air  in  a  balloon,  these  effects  are  well  ob- 
served ;  the  expansion  of  the  gas  within  the  machine,  and  the  fall  of 
the  mercury  in  the  barometer,  soon  indicate  to  tlie  voyager  the  fact  of 
his  having  left  below  him  a  considerable  part  of  the  whole  atmo- 
sphere. 

The  invention  of  the  barometer,  which  took  place  in  the  year  1643, 
by  Torricelli,  a  pupil  of  the  celebrated  Galileo,  speedily  led  to  the 
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obserration  that  the  atmospheric  pressure  at  the  same  level  is  not 
constant,  but  possesses,  on  the  contrary,  a  small  range  of  variation, 
seldom  exceeding  in  Europe  2  or  2'5  inches,  and  within  the  tropics 
usually  confined  within  much  narrower  limits.  Two 
kinds  of  variations  are  distinguished  ;  regular  or  horary, 
and  irregular  or  accidental.  It  has  been  observed,  that 
in  Europe  the  height  of  the  barometer  is  greatest  at 
two  periods  in  the  twenty-four  hours,  depending  upon 
the  season.  In  winter,  the  first  maximum  takes  place 
about  9  A.M.,  the  first  minimum  at  3  p.m.,  after  which 
the  mercury  again  rises  and  attains  its  greatest  eleva- 
tion at  9  in  the  evening :  in  summer  these  hours  of 
the  aerial  tides  are  somewhat  altered.  The  accidental 
variations  are  much  greater  in  amount,  and  render  it 
extremely  difficult  to  trace  the  regular  changes  above 
mentionedj 

The  barometer  is  applied  with  great  advantage  to 
the  measurement  of  accessible  heights,  and  it  is  also  in 
daily  use  for  foretelling  the  state  of  the  weather;  its 
indications  are  in  this  respect  extremely  deceptive, 
except  in  the  case  of  sudden  and  violent  storms,  which 
are  almost  always  preceded  by  a  rapid  fall  in  the  mer- 
curial column.  It  is  often  extremely  useful  in  this 
respect  at  sea. 

To  the  practical  chemist,  a  moderately-good  baro- 
meter is  an  indispensable  ai'ticle,  since  in  all  experi- 
ments in  which  volumes  of  gases  are  to  be  estimated, 
an  account  must  be  taken  of  the  state  of  the  pressure 
of  the  atmosphere.    The  marginal  drawing  represents 
a  very  convenient  and  economical  siphon-barometer 
for  this  purpose.    A  piece  of  new  and  stout  tube,  of 
about  one-third  of  an  inch  in  internal  diameter,  is 
procured  at  the  glass-house,  sealed  at  one  extremity, 
and  bent  into  the  siphon  form,  as  represented.  Pure 
and  warm  mercury  is  next  introduced  by  successive 
portions  until  the  tube  is  completely  filled,  and  the 
latter  being  held  in  an  upright  position,  the  level  of 
the  metal  in  the  lower  and  open  limb  is  conveniently 
adjusted  by  displacing  a  portion  by  a  stick  or  glass 
rod.    The  barometer  is,  lastly,  attached  to  a  boaid, 
and  furnished  with  a  long  scale,  made  to  slide,  which 
may  be  of  boxwood,  with  a  slip  of  ivory  at  each  end. 
When  an  observation  is  to  be  taken,  the  lower  exl 
tremity  or  zero  of  the  scale  is  placed  exactly  even 
with  the  mercury  in  the  short  limb,  and  then  the 
height  of  the  column  at  once  read  ofl'. 


20 


HEAT. 


HEAT. 

It  will  be  convenient  to  consider  the  subject  of  Heat  under  several 
sections,  and  in  the  following  order  : — 

1.  Expansion  of  bodies,  or  effects  of  variations  of  temperature  in 

altering  their  dimensions. 

2.  Conduction,  or  transmission  of  heat. 

3.  Change  of  state. 

4.  Capacity  of  bodies  for  heat. 

The  phenomena  of  radiation  must  be  deferred  until  a  sketch  has 
been  given  of  the  science  of  light. 

EXPANSION. 

If  a  bar  of  metal  be  taken,  of  such  magnitude  as  to  fit  accurately 
to  a  gauge  when  cold,  heated  considerably,  and  again  applied  to  the 
gauge,  it  will  be  found  to  have  become  enlarged  in  all  its  dimensions. 
When  cold,  it  will  once  more  enter  the  gauge. 

Again,  if  a  quantity  of  liquid  contained  in  a  glass  bulb,  furnished 
with  a  narrow  neck,  be  plunged  into  hot  water,  or  exposed  to  any 


Fig.  15.  Fig.  16.  Fig.  11. 


other  source  of  heat,  the  liquid  will  mount  in  the  stem,  showing  that 
its  volume  has  been  increased. 

Or,  if  a  portion  of  air  be  confined  in  any  vessel,  the  application  of  a 
slight  degree  of  heat  will  suffice  to  make  it  occupy  a  space  sensibly 

larger.  ,     .     i       .  - 

This  most  general  of  all  the  effects  of  heat  furnishes  jn  the  outset  a 
principle,  by  the  aid  of  which  an  instrument  can  be  constructed  capa- 
ble of  taking  cognizance  of  changes  of  temperature  in  a  manner  equally 
accurate  and  convenient :  such  an  instrument  is  the  thermometei-. 
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A  capillaiy  glass  tube  is  chosen,  of  uniform  diameter :  one  extre- 
mity is  closed  and  expanded  into  a  bulb,  by  the  aid  of  the  blowpipe 
flame,  and  the  other  somewhat  drawn  out,  and  left  open.  The  bulb 
is  now  cautiously  heated  by  a  spirit-lamp,  and  the  open  extremity 
plunged  into  a  vessel  of  mercury,  a  portion  of  which  rises  into  the 
bulb^when  the  latter  cools,  replacing  the  air  which  had  been  ex- 
panded and  driven  out  by  the  heat.  By  again  applying  the  flame, 
and  causing  this  mercury  to  boil,  the  remainder  of  the  air  is  easily 
expelled,  and  the  whole  space  filled  with  mercurial  vapour,  on  the 
condensation  of  which  the  metal  is  forced  into  the  instrument  by  the 
pressure  of  the  air,  until  it  becomes  completely  filled.  The  thermo- 
meter thus  filled  is  now  to  be  heated  until  so  much  mercury  has  been 
driven  out  by  the  expansion  of  the  remainder,  that  its  level  in  the 
tube  shall  stand  at  common  temperatures  at  the  point  required.  This 
being  satisfactorily  adjusted,  the  heat  is  once  more  applied,  until  the 
column  rises  quite  to  the  top ;  and  then  the  extremity  of  the  tube  is 
hermetically  sealed  by  the  blowpipe.  The  retraction  of  the  mercury 
on  cooling  now  leaves  an  empty  space  in  the  upper  part  of  the  tube, 
which  is  essential  to  the  perfection  of  the  instrument. 

The  thermometer  has  yet  to  be  graduated ;  and  to  make  its  in- 
dications comparable  with  those  of  other  instruments,  a  scale, 
having  certain  fixed  points,  at  the  least  two  in  number,  must  be 
adapted  to  it. 

It  has  been  observed,  that  the  temperature  of  melting  ice,  that  is  to 
say,  of  a  mixture  of  ice  and  water,  is  always  constant ;  a  thei^mometer, 
already  graduated,  plunged  into  such  a  mixture,  always  marks  the 
same  degree  of  temperature,  and  a  simple  tube  filled  in  the  manner 
described  and  so  treated,  exhibits  the  same  effect  in  the  unchanged 
height  of  the  little  mercurial  column,  when  tried  from  day  to  day. 
The  freezing-point  of  water,  or  melting-point  of  ice,  constitutes  then 
one  of  the  invariable  temperatures  demanded. 

Another  is  to  be  found  in  the  boiling-point  of  water,  which  is 
always  the  same  under  similar  circumstances.  A  clean  metallic  vessel 
is  taken,  into  which  pure  water  is  put  and  made  to  boil ;  a  thenno- 
meter  placed  in  the  boiling  liquid  just  so  deep  as  is  necessary  to  cover 
the  bulb,  invariably  marks  the  same  degree  of  temperature  so  lono-  as 
the  height  of  the  barometer  remains  unchanged. 

The  tube  having  been  carefully  marked  with  a  file  at  these  two 
points,  it  remains  to  divide  the  interval  into  degrees  :  this  division  is 
entirely  arbitrary  ;  in  the  greater  part  of  Europe  and  in  America,  the 
scale  called  Centigrade  is  employed ;  the  space  in  question  being  divided 
into  100  parts,  the  zero  being  placed  at  the  freezing-point  of  water. 
The  scale  is  continued  above  and  below  these  points,  numbers  below  0 
being  distinguished  by  the  negative  sign. 

In  England  the  very  inconvenient  division  of  Fahrenheit  is  still  in 
use :  the  above-mentioned  space  is  divided  into  180  degrees,  but  the 
zero,  instead  of  starting  from  the  freezing-point  of  water,  is  placed  32 


22 


HEAT. 


degrees  below  it,  so  that  the  temperature  of  ebullition  is  expressed  by 
the  number  of  212°. 

The  plan  of  Reaumur  is  nearly  confined  to  a  few  pkces  in  the 
north  of  Germany  and  to  Russia ;  in  this  scale  the  freezing-point  of 
water  is  made  0°,  and  the  boiling-point  80°. 

It  is  unfortunate  that  an  uniform  system  has  not  been  generally 
adopted  in  graduating  thermometers  :  this  would  render  unnecessary 
the  labour  which  now  so  frequently  has  to  be  performed  of  translating 
the  language  of  one  scale  into  that  of  another.  To  eflect  this,  pre- 
sents, however,  no  great  difficulty.  Let  it  be  required,  for  example, 
to  know  the  degree  of  Fahrenheit's  scale  which  corresponds  to  60° 
Centigrade. 

100°C  =  180°  F,  or  5-C  =  9°  F. 

Consequently 

5  :  9  =  60  :  108. 

Butj  then,  as  Fahrenheit's  scale  commences  with  32°  instead  of  0°, 
that  number  must  be  added  to  the  result,  making  60°C  =  140°F. 

The  rule  then  will  be  the  following : — To  convert  Centigrade  de- 
grees into  Fahrenheit  degrees,  multiply  by  9,  divide  the  product  by  5, 
and  add  32  ;  to  convert  Fahrenheit  degrees  into  Centigrade  degrees, 
subtract  32,  multiply  by  5,  and  divide  by  9. 

The  reduction  of  negative  degrees,  or  those  below  zero  of  one  scale 
into  those  of  another  scale  is  effected  in  the  same  way.  For  example, 
to  convert  —  1 5C  into  degrees  of  Fahrenheit — 

We  have  -  15  X  r  +  32  =  -  27  -j-  32  =  -f  5  F. 

5 

Mercury  is  usually  chosen  for  making  thermometers,  on  account  of 
its  regularity  of  expansion  within  certain  limits,  and  because  it  is 
easy  to  have  the  scale  of  great  extent,  from  the  large  interval  between 
the  fi-eezing  and  boiling  points  of  the  metal.  Other  substances  are 
sometimes  used  ;  alcohol  is  employed  for  estimating  very  low  temper- 
atures. 

Air-thermometers  are  also  used  for  some  few  particular  purposes ; 
indeed,  the  first  thermometer  ever  made  was  of  this  kind.  There  are 
two  modifications  of  this  instrument;  in  the  first,  the  liquid  into 
which  the  tube  dips  is  open  to  the  air ;  and  in  the  second,  shown  on 
the  following  page,  the  atmosphere  is  completely  excluded.  The 
effects  of  expansion  are  in  the  one  case  complicated  with  those  arising 
from  changes  of  pressure,  and  in  the  other  cease  to  be  visible  at  all 
when  the  whole  instrument  is  subjected  to  alterations  of  tempera- 
tui'e,  because  the  air  in  the  upper  and  lower  reservoir,  being  equally 
affected  by  such  changes,  no  alteration  in  the  height  of  the  fluid 
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column  can  occur.  Accordingly,  such  instruments  are  c^lied  differen- 
tial thermometers,  since  they  serve  to  measure  differences  of  tempera- 
tures between  the  two  portions  of  air,  while  changes  affecting  both 
alike  are  not  indicated.  Fig.  19  shows  anotlier  form  of  the  same 
instrument. 

Fig.  18.  ^^9- 


The  air-thermometer  may  be  employed  for  measuring  all  tempera- 
tures from  the  lowest  to  the  highest;  M.  Pouillet  has  described  one 
liy  which  the  heat  of  an  air-furaace  could  be  measured.  The  reservoir 
of  this  instrument  is  of  platinum,  and  it  is  connected  with  a  piece  of 
apparatus  by  which  the  increase  of  volume  experienced  by  the  in- 
cluded air  is  determined. 

All  bodies  are  enlarged  in  their  dimensions  by  the  application  of 
heat,  and  reduced  by  its  abstraction,  or,  in  other  words,  contract  on 
being  artificially  cooled  :  this  effect  takes  jdace  to  a  comparatively 
small  extent  with  solids,  to  a  larger  amount  in  liquids,  and  most  of  all 
in  the  case  of  gases. 

Each  solid  and  liquid  has  a  rate  of  expansion  peculiar  to  itself ; 
gases,  on  the  contrary,  expand  nearly  alike  for  the  same  increase  of 
heat. 

The  difference  of  expansibility  among  solids  is  very  easily  illus- 
trated by  the  following  arrangement :  a  thin  straight  bar  of  iron  is 
firmly  fixed  by  numerous  rivets,  to  a  similar  bar  of  brass  :  so  long  as 
the  temperature  at  which  the  two  metals  were  united  remains  un- 
changed, the  compound  bar  preserves  its  straight  figure ;  but  any 
alteration  of  temperature  gives  rise  to  a  corresponding  curvatua-c. 
Brass  is  more  dilatable  than  iron  ;  if  the  bar  be  heated,  therefore,  the 
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tormei-  expands  more  than  the  hatter,  and  forces  the  straight  bar  into  a 
curve,  whose  convex  side  is  the  brass  ;  if  it  be  artificially  cooled,  the 
brass  contracts  more  than  the  iron,  and  the  reverse  of  this  effect  is 
produced. 

Fig.  20. 


This  fact  has  received  a  most  valuable  application.  It  is  not  neces- 
sary to  insist  on  the  importance  of  possessing  instruments  for  the 
accurate  measurement  of  time  ;  such  are  absolutely  indispensable  to 
the  successful  cultivation  of  astronomical  science,  and  not  less  useful 
to  the  navigator,  fi-om  the  assistance  they  give  him  in  finding  the  lon- 
gitude at  sea.  For  a  long  time,  notwithstanding  the  perfection  of 
Fig.  21.  finish  and  adjustment  bestowed  upon  clocks  and 
watches,  an  apparently  insuiinountable  obstacle  pre- 
sented itself  to  their  unifonn  and  regular  movement: 
this  obstacle  was  the  change  of  dimensions  to  which 
the  regulating  parts  of  the  machine  were  subject  by 
alterations  of  temperature.  A  clock  may  be  defined  as 
an  instrument  for  registering  the  number  of  beats  made 
by  a  pendulum  :  now  the  time  of  oscillation  of  a  pen- 
dulum depends  ^;-«wcipa%  upon  its  length  ;  any  alter- 
ation in  this  condition  will  seriously  affect  the  rate  of 
the  clock.  The  material  of  which  the  rod  of  the  pen- 
dulum Is  composed  is  subject  to  expansion  and  contrac- 
tion by  changes  of  temperature ;  so  that  a  pendulum 
adjusted  to  vibrate  seconds  at  60°  (15°'5C)  would  go 
too  slow  if  the  temperature  rise  to  70°  (21°-1C), 
from  its  elongation,  and  too  fast  if  the  temperature 
fall  to  50°  (10°C),  from  the  opposite  cause. 

This  great  difliculty  has  been  overcome  :  by  making 
the  rod  of  a  number  of  bars  of  iron  and  brass,  or  iron 
and  zinc,  metals  whose  rates  of  expansion  are  dif- 
ferent, and  arranging  these  bars  in  such  a  manner  that 
the  expansion  in  one  direction  of  the  iron  shall  be 
exactly  compensated  by  that  in  tlie  opposite  direction 
of  the  brass  or  zinc,  it  is  possible  to  maintain  under  all  circumstances 
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of  temperature  an  invariable  distance  between  the  points  of  suspension 
and  of  oscillation.    This  is  often  called  the  gridiron 
pendulum  ;  fig.  21  will  clearly  illustrate  its  principle  ; 
the  shaded  bars  are  supposed  to  be  iron  and  the  others 
brass. 

A  still  simpler  compensation-pendulum  is  thus  con- 
structed. The  weight  or  bob,  instead  of  being  made 
of  a  disc  of  metal,  consists  of  a  cylindrical  glass  jar 
containing  mercury,  which  is  held  by  a  stirrup  at  the 
extremity  of  the  steel  pendulum-rod.  The  same  in- 
crease of  temperature  which  lengthens  this  rod,  causes 
the  volume  of  the  mercury  to  enlarge,  and  its  level  to 
rise  in  the  jar ;  the  centre  of  gravity  is  thus  elevated, 
and  by  properly  adjusting  the  quantity  of  mercury  in 
the  glass,  the  virtual  length  of  the  pendulum  may  be 
made  constant. 

In  watches,  the  governing  power  is  a  horizontal 
weighted  wheel,  set  in  motion  in  one  direction  by  the 
macliine  itself,  and  in  the  other  by  a  fine  spiral  spring. 
The  rate  of  going  depends  greatly  on  the  diameter  of 
this  wheel,  and  the  diameter  is  of  necessity  subject  to 
variation  by  change  of  temperature.  To  remedy  the 
evil  thus  involved,  the  circumference  of  the  balance-wheel  is  made  of 
two  metals  having  different  rates  of  expansion,  firmly  soldered  together, 
the  more  expansible  being  on  the  outside. 
The  compound  rim  is  also  cut  through  in 
two  or  more  places,  as  represented  in  the 
drawing.  When  the  watch  is  exposed  to  a 
high  temperature,  and  the  diameter  of  the 
wheel  becomes  enlarged  by  expansion,  each 
segment  is  made,  by  the  same  agency,  to 
assume  a  sharper  curve,  whereby  its  centre 
of  gravity  is  thrown  inwards,  and  the  expan- 
sive effect  completely  compensated.  Many 
other  beautiful  applications  of  the  same  prin- 
ciple might  be  pointed  out:  the  metallic 
thermometer  of  M.  Breguet  is  one  of  these. 

Mr.  Daniell  very  skilfully  applied  the  expansion  of  a  rod  of  metal  to 
the  measurement  of  temperatures  above  those  capable  of  being  indicated 
by  the  themiometer.  A  rod  of  iron  or  platinum,  about  five  inches  long, 
is  dropped  into  a  tube  of  black-lead  ware ;  a  little  cylinder  of  baked 
porcelain  is  put  over  it,  and  secured  in  its  place  by  a  platinum  strap 
and  a  wedge  of  porcelain.  When  the  whole  is  exposed  to  heat,  the 
expansion  of  the  bar  drives  forward  the  cylinder,  which  moves  with  a 
certain  degree  of  fi-iction,  and  shows,  by  the  extent  of  its  displacement, 
the  lengthening  whicli  the  bar  has  undergone.  It  remains,  therefore, 
to  measure  the  amount  of  this  displacement,  which  must  be  very  small, 
even  when  the  heat  has  been  exceedingly  intense.    This  is  eflected 
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by  the  contrivance,  shown  in  tlie  drawing,  in  wliidi  tlie  mo- 
'         24  ^'"'^  °^       longer  ai-m  of  the 

lever  carrying  the  vernier  of  the 
scale  is  multiplied  by  10,  in  con- 
sequence of  its  superior  length. 
The  scale  itself  is  made  compar- 
able with  that  of  the  ordinaiy 
thermometer,  by  plunging  the 
instrument  into  a  bath  of  mer- 
cury near  its  point  of  congela- 
tion, and  afterwards  into  an- 
other of  the  same  metal  m  a 
boiling  state,  and  marking  ofl' 
the  interval.  By  this  instru- 
ment the  melting-point  of  cast- 
iron  was  fixed  at  2786°  Fah 
renheit  (1530°C),  and  tlie  great- 
est heat  of  a  good  wind-furnace 
at  about  3300°  (1815°C). 
The  actual  amount  of  expansion  wliich  different  solids  undergo  by 
the  same  increase  of  heat,  has  been  carefully  investigated.  The  fol- 
lowing are  some  of  the  results  obtained  by  MM.  Lavoisier  and  Laplace. 
The  fraction  indicates  the  amount  of  expansion  in  length  suffered  by 
rods  of  the  under-mentioned  bodies  in  passing  from  32°7o°C)to  212° 
(100°C). 


English  flint  glass  . 

Tins 

Soft  iron 

Common  French  glass 

1 

TIT? 

Gold  . 

Glass  without  lead  . 

1 

TTR 

Copper 

Another  specimen 

1 

Wo' 

Brass  . 

Steel  untempered 

I 

927 

Silver 

Tempered  steel  . 

I 

507 

Lead  . 

1 

5TS 

5S2 
1 

I 

636 
1 

35T 


From  the  linear  expansion,  the  cuUc  expansion  (or  increase  of 
volume)  may  be  calculated.  When  the  expansion  of  a  body  in  dif- 
ferent directions  is  equal,  as,  for  example,  in  glass,  hammered  metals, 
and  generally  in  most  uncrystallized  substances,  it  will  be  sufficient  to 
triple  the  fraction  expressing  the  increase  in  one  dimension.  This 
rule  does  not  hold  true  for  crystals  belonging  to  irregular  systems,  for 
they  expand  unequally  in  the  direction  of  the  different  axes. 

Metals  appear  to  expand  pretty  uniformly  for  equal  increments  of 
heat  within  the  limits  stated,  but  above  the  boiling-point  of  water  the 
rate  of  expansion  becomes  irregular  and  more  rapid. 

The  force  exerted  in  the  act  of  expansion  is  very  great.  In  laying 
down  railways,  building  iron  bridges,  erecting  long  ranges  of  steam- 
pipes,  and  in  executing  all  works  of  the  kind  in  which  metal  is 
largely ,used,  it  is  indispensable  to  make  provision  for  these  changes 
of  dimensions. 
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A  very  useful  little  application  of  expansion  by  heat  is  that  to  the 
cutting  of  glass  by  a  hot  iron ;  this  is  constantly  practised  in  the 
laboratory  for  a  great  variety  of  purposes.  The  glass  to  be  cut  is 
marked  with  ink  in  the  wished-for  direction,  and  then  a  crack  com- 
menced by  any  convenient  method,  at  some  distance  from  the  desired 
line  of  fracture,  may  be  led  by  the  point  of  a  heated  iron  rod  along  the 
latter  with  the  greatest  precision. 

Expansion  of  Fluids. — The  dilatation  of  a  fluid  may  be  deteiTuined 
by  filling  with  it  a  thermometer,  in  which  the  relation  between  the 
capacity  of  the  ball  and  that  of  the  stem  is  exactly  known,  and 
observing  the  height  of  the  column  at  different  temperatures.  It  is 
necessary  in  this  experiment  to  take  into  account  the  eflects  of  the 
expansion  of  the  glass  itself,  the  observed  result  being  evidently  the 
difference  of  the  two. 

Liquids  vary  exceedingly  in  this  particular.  The  following  table  is 
taken  ft-om  Pe'clet's  Elemens  do  Physique. 

Apparent  Dilatation  in  Glass  between  32°  (0°C)  and  212°  (100°C). 


Water 

1 

Hydrochloric  acid, 

sp.  gr.  1  •  137. 

1 

5f 

Nitric  acid,  sp.  gr. 

1-4 

1 

9 

Sulphuric  acid,  sp. 

gr.  1-85  . 

1 

T-7 

Ether 

1 

TT 
1 

12 

1 

Ohve  oil 

Alcohol 

Mercuiy 

5 

Most  of  these  numbers  must  be  taken  as  representing  mean  results. 
For  there  are  few  fluids  which,  like  mercury,  expand  regularly  be- 
tween these  temperatures.  Even  mercury  above  212°  (100°C) 
shows  an  unequal  imd  increasing  expansion,  if  the  temperature  indi- 
cated by  the  air-thermometer  be  used  for  comparison.  This  is  shown 
by  the  following  abstract  of  a  table  given  by  Regnault. 


Reading  of  Air 
Thermometer. 


32°F 
2120F 
392°F 
572°F 
662°F 


0°C 

100°C 
200°C 
300°C 
350°C 


Reading  of  Mercurial 
Thermometer. 

32° 


212° 
392° 
573° 
669° 


F 

F 
F 

■8F 
2F 


lOOoC 
200°C 
301°C 
354°C 


Temperature  deduced  from 
the  absolute  expansion  of 
Mercury. 

F=  0°  C 
F=l00O  C 
F  =  202o-78C 
F  =  308° '340 
i8F  =  3G2°-16C 


32° 
2120 
397° 
587° 
683°- 


The  absolute  amount  of  expansion  of  mercury  is,  for  many  reasons 
a  point  of  great  importance  :  it  has  been  very  carefully  determined  bv 
a  method  independent  ot  the  expansion  of  the  containing  vessel  The 
apparatus  employed  for  this  purpose,  first  by  MM.  Dufono-  and  Petit 
and  later  by  Regnault,  is  shown  in  fig.  25,  divested,  however,  of  many' 
of  Its  subordinate  parts.    It  consists  of  two  upright  glass  tubes,  con- 
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nected  at  their  bases  by  a  horizontal  tube  of  much  smaller  dimensions 
bmce  a  free  communication  exists  between  the  two  tubes,  mercun 
poured  mto  the  one  will  rise  to  the  same  level  in  the  other,  provided 
Its  temperature  is  the  same  in  both  tubes :  wlicn  this  is  not  the  case 
the  hotter  column  will  he  the  taller,  because  the  expansion  of  the 
metal  diminishes  its  specific  gravity,  and  the  law  of  liydrostatic 
equilibrium  requires  that  the  heights  of  such  columns  should  be  in- 
versely as  their  densities.  By  the  aid  of  the  outer  cylinders,  one  of 
the  tubes  is  maintained  constantly  at  32°  (0°C),  while  the  other  is 
raised  by  means  of  heated  water  or  oil,  to  any  required  tempei-ature. 
The  perpendicular  heights  of  the  columns  may  then  be  read  off  by  a 
horizontal  micrometer  telescope,  moving  on  a  vertical  divided  scale. 


Fig.  25. 


These  heights  represent  volumes  of  equal  weight,  because  volumes 
of  equal  weight  bear  an  inverse  proportion  to  the  densities  of  the 
liquids,  so  that  the  amount  of  expansion  admits  of  being  veiy  easily 
calculated.  Thus,  let  the  column  at  32°  (0°C)  be  6  inches  high,  and 
that  at  212°  (100°C)  6-108  inches,  the  increase  of  height,  108  on 
6000,  or  jl.j  part  of  the  whole,  must  represent  the  absolute  cubical 
expansion. 

The  indications  of  the  mercurial  thermometer  are  inaccurate  when 
veiy  high  ranges  of  temperature  are  concerned,  from  the  increased 
expansibility  of  the  metal.  The  error  thus  caused  is,  however,  nearly 
compensated  for  temperatures  under  400°F  (204°  •  5C)  by  the  expansion 
of  the  glass  tube.  For  higher  temperatures  a  small  correction  is 
necessary,  as  the  above  table  shows. 

An  exception  to  the  regularity  of  expansion  in  fluids  exists  in  the 
case  of  water  :  it  is  so  remarkable,  and  its  consequences  so  important, 
that  it  is  necessary  to  advert  to  it  particularly. 

Let  a  large  thermometer-tube  be  filled  with  water  at  the  common 
temperature  of  the  air,  and  then  artificially  cooled.  The  liquid  will 
be  observed  to  contract,  until  the  temperature  falls  to  about  40°, 
(40'44C)  or  8°  above  the  freezing-point.  After  tliis,  a  fartlier  re- 
duction of  temperature  causes  expansion  instead  of  contraction  in  the 
volume  of  the  water,  and  this  expansion  continues  until  the  liquid 
arrives  at  its  point  of  congelation,  when  so  sudden  and  violent  an 
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enlargement  takes  place,  that  the  vessel  is  almost  invariably  broken. 
At  the  temperature  of  40°  (4°  -440),  or  more  correctly,  perhaps,  39° 'o, 
(4°  -IC)  water  is  at  its  maximum  density  ;*  increase  or  diminution  of 
heat  produces  upon  it,  for  a  short  time,  the  same  effect. 

A  beautiful  experiment  by  Dr.  Hope,  illustrates  the  same  fact.  If 
a  tall  jar  filled  with  water  at  50°  (10°C)or  60°  (15°-5C),and  having 
in  it  two  small  thermometers,  one  at  the  bottom  and  the  other  near 
the  surface,  be  placed  at  rest  in  a  very  cold  room,  the  following 
changes  will  be  observed.  The  thermometer  at  the  bottom  will  fall 
more  rapidly  than  that  at  the  top,  imtil  it  has  attained  the  tempera- 
ture of  40°  (4^-4C)  after  which  it  will  remain  stationary.  At  length 
the  upper  thermometer  will  also  mark  40°  (4°-4C),  but  still  continue 
to  sirdc  as  rapidly  as  before,  while  that  at  the  bottom  remains  sta- 
tionary. It  is  easy  to  explain  these  effects  :  the  water  in  the  upper 
part  of  the  jar  is  rapidly  cooled  by  contact  with  the  air ;  it  becomes 
denser  in  consequence,  and  falls  to  the  bottom,  its  place  being  supplied 
by  the  lighter  and  warmer  liquid,  which  in  its  turn  suffers  the  same 
change  ;  ;md  this  circulation  goes  on  until  the  whole  mass  of  water 
has  acquired  its  condition  of  maximum  density,  that  is,  until  the 
temperature  has  fallen  to  40°  (4°-4C).  Beyond  this,  loss  of  heat 
occasions  expansion  instead  of  contraction ;  so  that  the  very  cold  water 
on  the  surface  has  no  tendency  to  sink,  but  rather  the  reverse. 

This  singular  anomaly  in  the  behaviour  of  water  is  attended  by 
the  most  beneficial  consequences,  in  shielding  the  inhabitants  of  the 
waters  from  excessive  cold.  The  deep  lakes  of  the  North  American 
continent  never  fi-eeze,  the  intense  and  prolonged  cold  of  the  winters 
of  those  regions  being  insufficient  to  reduce  the  temperature  of  such 
masses  of  water  to  40°  (4°'4C).  Ice,  however,  of  great  thickness 
foi-ms  over  the  shallow  portions,  and  the  rivers,  and  accumulates  in 
mounds  upon  the  beaches,  where  the  waves  are  driven  up  by  the 
winds. 

Above  the  freezing-point  sea-water  has  no  point  of  maximum  density. 
The  more  it  is  cooled  the  denser  it  becomes,  until  it  solidifies  at  26°-5 
( — 3°C).  According  to  Despretz,  sea-water  which  is  cooled  below 
26-°5,  without  freezing, obtains  itsmaximumdensity  at25°'4(  — 3''-6C). 
The  gradual  expansion  of  pure  water  cooled  below  40°  (4°-4C)  must  be 
carefully  distinguished  from  the  great  and  sudden  increase  of  volume  it 
exhibits  in  the  act  of  freezing,  and  in  which  respect  it  resembles  many 
other  bodies  which  expand  on  solidifying.  It  may  be  observed  that 
the  force  thus  exerted  by  freezing  water  is  enormous.  Thick  iron 
shells  quite  filled  with  water,  and  exposed  with  their  fuse-holes  securely 
plugged,  to  the  cold  of  a  Canadian  winter  night,  have  been  found 
the  following  morning  split  in  fragments.  The  fieezing  of  water  in 
the  joints  and  crevices  of  rocks  is  a  most  potent  agent  in  their  dis- 
integration. 

•  According  to  the  latest  researches  of  Kopp  the  point  of  greatest  donsitv 
of  the\vatcris39=-34(4O-08C).  t>  uwioilj, 
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Expansion  of  Gases.— This  is  a  point  of  great  practical  importance 
to  the  chemist,  and  happily  we  have  very  excellent  evidence  upon  the 
subject.  The  following  four  propositions  exhibit,  at  a  single  view,  the 
principal  facts  of  the  case  : — 

1 .  All  gases  expand  nearly  alike  for  equal  increments  of  heat ;  and 

all  vapours,  when  remote  from  their  condensing-points,  follow 
the  same  law. 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state  of 

compression,  or  elastic  force  of  the  gas  itself. 

3.  The  rate  of  expansion  is  unifoim  for  all  degrees  of  heat. 

4.  The  actual  amount  of  expansion  is  equal  to       part  of  the 

volume  of  the  gas  at  0°  Fahrenheit,  for  each  degree  of  the 
same  scale. 

It  will  be  unnecessary  to  enter  into  any  description  of  the  methods 
of  investigation  by  which  these  results  have  been  obtained  :  the 
advanced  student  will  find  in  Pouillet's  Ele'mens  de  Physique,  and  in 
the  papers  of  MM.  Magnus*  and  Regnaultjj-  all  the  information  he 
may  require. 

In  the  piactical  manipulation  of  gases,  it  very  often  becomes  neces- 
sary to  make  a  correction  for  temperature,  or  to  discover  how  much 
the  volume  of  a  gas  would  be  increased  or  diminished  by  a  particular 
change  of  temperature  :  this  can  be  effected  with  great  facility.  Let 
it  be  required,  for  example,  to  find  the  volume  which  100  cubic  inches 
of  any  gas  at  50°  (lO^C)  would  become  on  the  temperature  rising  to 
60°  (15°-5C). 

The  rate  of  expansion  is  ^  of  the  volume  at  0"  for  each  degi-ee  ; 
or  460  measures  at  0°  become 461  at  1°,  462  at  2°,  ••  460+50  =  510 
at  50°,  aud  460  +  60  =  520  at  60°.  Hence 

Meas.  at  50o.      Meas.  at  60°.      Meas.  at  50o.      Meas.  at  OOo. 
510       :         520       =       100     :  101-96 

If  this  calculation  is  required  to  be  made  on  the  Centigrade  scale, 
it  must  be  remembered  that  the  zero  of.tliat  scale  is  the  melting-point 
of  ice.  Above  this  temperature  the  expansion  ibr  each  degree  of  the 
Centigrade  scale  is  5^  of  the  original  volume. 

This,  and  the  correction  for  pressure,  are  operations  of  very  frequent 
occurrence  in  cliemical  investigations,  and  the  student  will  do  well  to 
become  familiar  with  them. 

JVbfc. — Of  the  four  propositions  stated  in  the  text,  the  first  and 
second  have  quite  recently  been  shown  to  be  true  within  certain  limits 
onlv;  and  the  third,  although  in  the  highest  degree  probable,  would 
be  very  difficult  to  demonstrate  rigidly  ;  in  fact,  the  equal  rate  of 
expansion  of  air  is  assumed  in  all  experiments  on  other  substances 
and  becomes  the  standard  by  which  the  results  are  measured. 

*  PoggendorfTs  Annalen,  iv.  1. 

+  Ann.  Chim.  et  Phys.,  3rd  series,  iv.  5,  and  v.  52. 
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The  rate  of  expansion  for  the  different  gases  is  not  absolutely  the 
same,  but  the  difterence  is  so  small,  that  for  most  purposes  it  may 
with  perfect  safety  be  neglected.  Neither  is  the  state  of  elasticity 
altogether  indiflerent,  the  expansion  being  sensibly  grcaterfor  an  equal 
rise  of  temperature  when  the  gas  is  in  a  compressed  state. 

It  is  important  to  notice,  that  the  greatest  deviations  from  the  rule 
are  exhibited  by  those  gases  which,  as  will  hereafter  be  seen,  are 
most  easily  liquified,  such  as  carbonic  acid,  cyanogen,  nnd  sulphurous 
acid  ;  and  that  the  discrepancies  become  smaller  and  smaller  as  the 
elastic  force  is  lessened :  so  that,  if  means  existed  for  comparing  the 
dift'erent  gases  in  states  equally  distant  from  their  points  of  condensa- 
tion, there  is  reason  to  believe  that  the  law  would  be  strictly  fulfilled. 

The  experiments  of  MM.  Dulong  and  Petit  give  for  the  rate  of 
expansion  of  the  volume  at  0°  :  this  is  no  doubt  too  high. 
Those  of  Rudburg  give  ;  of  Magnus  :[Jg ;  and  of  Regnault  -^g : 
the  fraction  is  adopted  in  the  text  as  a  convenient  number,  suffi- 
ciently near  the  mean  of  the  three  preceding,  to  answer  all  purposes. 


Fig.  26. 


The.  ready  expansibility  of  air  by  heat  gives  rise  to  the  phenomena 
of  winds.  In  the  temperate  regions  of  the  eai'th  these  are  very  va- 
riable and  uncertain,  but  within  and  near  tlie  tropics  a  much  greater 
regularity  prevails ;  of  this  the  trade-winds  furnish  a  beautiful  ex- 
ample. 

The  smaller  degree  of  obliquity  with  which  the  sun's  rays  fall  in 
the  localities  mentioned,  occasions  the  broad  belt  thus  stretching  roiuid 
the  earth  to  become  more  heated  than  any  other  part  of  the  surface, 
The  heat  thus  acquired  by  absorption  is  imparted  to  the  lower  stratum 
of  air,  which,  becoming  expanded,  rises,  and  gives  jjlace  to  another, 
and  in  this  manner  an  ascending 
current  is  established, — the  colder 
and  heavier  air  streaming  in  late- 
rally from  the  more  temperate  re- 
gions, north  and  south,  to  supply 
the  partial  vacuum  thus  occasioned. 
A  circulation  so  commenced  will  be 
completed  in  obedience  to  the  laws 
of  hydrostatics,  by  the  establish- 
ment of  counter-currents  in  the 
higher  parts  of  the  atmosphere, 
having  directions  the  reverse  of 
those  on  the  surface.  _ 

Such  is  the  effect  produced  by  the  unequal  heating  of  the  equatorial 
parts,  or,  more  correctly,  such  would  be  the  effect  were  it  not  greatly 
modified  by  the  earth's  movement  of  rotation. 

As  the  circumference  of  the  earth  is,  in  round  numbers,  about 
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24,000  miles,  and  since  it  rotates  on  its  axis,  from  west  to  east,  once 
in  24  hours,  the  equatorial  parts  must  have  a  motion  of  1000  miles 
per  hour;  this  velocity  diminishes  rapidly  towards  each  pole,  where  it 
is  reduced  to  nothing. 

The  earth  in  its  rotation  carries  with  it  the  atmosphere,  whose 
velocity  of  movement  corresponds,  in  the  absence  of  disturbing  causes, 
with  that  part  of  the  surface  immediately  below  it.  The  air  which 
rushes  towards  the  equator,  to  supply  the  place  of  that  raised  aloft 
by  its  diminished  density,  brings  with  it  the  degree  of  momentum 
belonging  to  that  portion  of  the  earth's  surface  from  which  it  set  out, 
and  as  this  momentum  is  less  than  that  of  the  earth,  under  its  new 
position,  the  earth  itself  travels  faster  than  the  air  immediately 

over  it,  thus  producing  the  effect  of  a 
wind  blowing  in  a  contrary  direction 
to  that  of  its  own  motion.  The  ori- 
ginal north  and  south  winds  are  thus 
deviated  from  their  primitive  direc- 
tions, and  made  to  blow  more  or  less 
from  the  eastward,  so  that  the  com- 
bined effects  of  the  unequal  heating 
and  of  the  movement  of  rotation  is 
to  generate  in  the  northern  hemi- 
sphere a  constant  north-east  wind, 
and  in  the  southern  hemisphere  an 
equally  constant  south-east  wind. 
In  the  same  manner  the  upper  or 
return  current  is  subject  to  a  change  of  direction  in  the  reverse  order  ; 
the  rapidly-moving  wind  of  the  tropics,  transferred  laterally  towards 
the  poles,  is  soon  found  to  travel  faster  than  the  earth  beneath  it,  pro- 
ducing the  effect  of  a  westerly  wind,  which  modifies  the  primaiy 
current. 

The  regularity  of  the  trade-winds  is  much  interfered  with  by  the 
neighbourhood  of  large  continents,  which  produce  local  effects  upon  a 
scale  sufficiently  great  to  modify  deeply  the  direction  and  force  of  the 
wind.  This  is  the  case  in  the  Indian  Ocean.  They  usually  extend 
from  about  the  28th  degree  of  latitude  in  both  hemispheres,  to  within 
8°  of  the  equator,  but  are  subject  to  some  variations  in  this  respect. 
Between  thom,and  also  beyond  their  boundaries,  lie  belts  of  calms  and 
light  variable  winds,  and  beyond  these  latter,  extending  into  higher 
latitudes  in  both  hemisj)heres,  westerly  winds  usually  prevail.  The 
general  dii-ection  of  the  trade-wind  of  the  Northern  hemisphere  is 
E.N.E.,  and  that  of  the  Southern  hemisphere  E.S.E. 

The  ti-ade-winds,  it  may  be  remaj-ked,  furnish  an  admirable  physical 
proof  of  the  reality  of  the  earth's  movement  of  rotation. 

The  theory  of  the  action  of  chimneys,  and  of  natural  and  artificial 
ventilation,  belongs  to  the  same  subject. 

Let  the  reader  turn  to  the  demonstration  given  of  the  Archimedea"n 
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hydrostatic  theorem  ;  let  him  once  more  imagine  a  body  immersed  m 
water,  and  having  a  density  equal  to  that  of  the  water  ;  it  will  remam 
in  equilibrio  in  any  part  beneath  the  surface,  and  for  these  reasons  :— 
The  force  which  presses  it  downwards  is  the  weight  of  the  body 
added  to  the  weight  of  the  column  of  water  above  it ;  the  force  which 
presses  it  upwards  is  the  weight  of  a  column  of  water  equal  to  the 
height  of  both  conjoined ;— the  density  of  the  body  is  that  of  water, 
that  is,  it  weighs  as  much  as  an  equal  bulk  of  that  liquid  ;  conse- 
quently, the  downward  and  upward  forces  are  equally  balanced,  and 
the  body  remains  at  rest. 

Next,  let  the  circumstances  be  ^9-  28. 

altered;  let  the  body  be  lighter 
than  an  equal  bulk  of  water;  the 
pressure  upwards  of  the  column  of 
water  a  c,  is  no  longer  compensated 
by  the  downward  pressure  of  the 
corresponding  column  of  solid  and 
water  above  it ;  the  former  force 
preponderates,  and  the  body  is  dri- 
ven upwaixls.  If,  on  the  contrary, 
the  body  be  specifically  heavier  than 
water,  then  the  latter  force  has  the 
ascendancy,  and  the  body  sinks. 

All  things  so  described  exist  in  a  common  chimney ;  the  solid  body, 
of  the  same  density  as  that  of  the  fluid  in  which  it  floats,  is  represented 
by  the  air  in  the  chimney-funnel ;  the  space  a  b  represents  the  whole 
atmosphere  above  it.  When  the  air  inside  and  outside  the  chimney  is 
at  the  same  temperature,  equilibrium  takes  place,  because  the  down- 
ward tendency  of  the  air  within  is  coimteracted  by  the  upward  pres- 
sure of  that  without. 

Now,  let  the  chimney  be  heated ;  the  air  suffers  expansion,  and  a 
portion  is  expelled  ;  the  chimney  therefore  contains  a  smaller  weight  of 
air  than  it  did  before ;  the  external  and  internal  columns  no  longer 
balance  each  other,  and  the  warmer  and  lighter  air  is  foi  ced  upwards 
from  below,  and  its  place  supplied  by  cold  air.  If  the  brick-work,  or 
other  material  of  which  the  chimney  is  constructed,  retain  its  temper- 
ature, this  second  portion  of  air  is  disposed  of  like  the  first,  and  the 
ascending  current  continues,  so  long  as  the  sides  of  the  chimney  are 
hotter  than  the  sm-iounding  air. 

Sometimes,  owing  to  sudden  changes  of  temperature  in  the  atmo- 
sphere, the  chimney  may  happen  to  be  colder  than  the  air  about  it. 
The  column  within  forthwith  suffers  contraction  of  volume  ;  the  defi- 
ciency is  filled  up  from  without,  and  the  column  becomes  heavier  than 
one  of  similar  height  on  the  outside ;  the  result  is,  that  it  falls  out  of 
the  chimney,  just  as  the  heavy  body  sinks  in  the  water,  and  has  its 
place  occupied  by  air  from  above.  A  descending  current  is  thus  pro- 
duced, which  may  be  often  noticed  in  the  summer  time  by  the  smoke 
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from  neighbouring  chimneys  finding  its  way  into  rooms,  wliich  have 
been  for  a  considerable  period,  without  fire. 

The  ventilation  of  mines  has  long  been  conducted  upon  the  same 
principle,  and  more  recently  it  has  been  applied  to  dwelling-houses  and 
assembly-rooms.  The  mine  is  furnished  with  two  shafts,  or  with  one 
shaft,  divided  throughout  by  a  diaphragm  of  boards  ;  aud  these  are  so 
an-anged,  that  air  forced  down  the  one  shall  traverse  the  whole  extent 
of  the  workings  before  it  escapes  by  the  other.  A  fire  kept  up  in  one 
of  these  shafts,  by  rarefying  the  au-  within,  and  causing  an  ascending 
current,  occasions  fresh  air  to  traverse  every  part  of  the  mine,  and 
sweep  before  it  the  noxious  gases,  but  too  frequently  present. 

CONDOOTION  OF  HEAT. 

Different  bodies  possess  very  difiereut  conducting  powers  with  re- 
spect to  heat :  if  two  similar  rods,  the  one  of  iron  the  other  of  glass, 
be  held  in  the  flame  of  a  spirit-lamp,  the  iron  will  soon  become  too  hot 
to  be  touched,  while  the  glass  may  be  grasped  with  impunity  within 
an  inch  of  the  red-hot  portion. 

Experiments  made  by  analogous,  but  more  accurate  methods,  have 
established  a  numerical  comparison  of  the  conducting  powers  of  many 
bodies ;  the  following  may  be  taken  as  a  specimen  : — 


Gold 

1000 

Tin 

.  304 

Silver 

973 

Lead 

179 

Copper 

898 

Marble  . 

.  23-6 

Iron 

374 

Porcelain 

12-2 

Zinc 

363 

Fire-clay 

.  11'4 

As  a  class  the  metals  are  by  very  far  the  best  conductors,  although 
much  difference  exists  between  them  ;  stones,  dense  woods,  and  char- 
coal, follow  next  in  order  ;  then  liquids  in  general  and  gases,  whose 
conducting  power  is  alniost  inappreciable. 

Under  favotu-able  circumstances,  nevertheless,  both  liquids  and  gases 
may  become  rapidly  heated  ;  heat  applied  to  the  bottom  of  the  contain- 
ing vessel  is  very  speedily  communicated  to  its  contents  :  this,  how- 
ever, is  not  so  much  by  conduction  as  by  convectiou,  or  carrying.  A 
complete  circulation  is  set  up;  the  portions  in  contact  with  the  bottom 
of  the  vessel  get  heated,  become  lighter,  and  rise  to  the  surface,  and  in 
this  way  the  heat  becomes  communicated  to  the  whole.  If  these  move- 
ments be  prevented  by  dividing  the  vessel  into  a  great  number  of  com- 
partments, the  really  low  conducting  power  of  the  substance  is  made 
evident ;  and  this  is  the  reason  why  certain  organic  fiibrics,  as  wool, 
silk,  feathers,  and  porous  bodies  in  general,  the  cavities  of  which  are 
full  of  air,  exhibit  such  feeble  powers  of  conduction. 

The  circulation  of  heated  water  through  pipes  is  now  extensively 
applied  to  the  warming  of  buildings  and  conservatories,  and  in  chemical 
works  a  serpentine  metal  tube  containing  hot  oil  is  often  used  for  heat- 
ing stills  and  evaporating  pans ;  the  two  extremities  of  the  tube  are 
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connected  with  the  ends  of  another  spiral  built  into  a  small  furnace  at 
a  lower  level,  and  an  unintermittiug  circulation  of  the  liquid  takes 
place  as  long  as  heat  is  applied. 

CHANGE  OF  STATE. 

If  equal  weights  of  water  at  32°  (0°C)  and  water  at  174°  (78°-8C) 
be  mixed,  the  temperature  of  the  mixture  will  be  the  mean  of  the  two 
temperatures,  or  183°  (39''-4C).  If  the  same  experiment  be  repeated 
with  snow,  or  finely-powdered  ice,  at  32°  (0°C)  and  water  at  174° 
(78°-8C),  the  temperature  of  the  whole  will  be  only  32°  (0°C), 
but  the  ice  will  have  been  melted. 

1  lb.  of  water  at  32°  (0°C)        \  ,      .  .f.„o  f^.ao.ACA 

1  lb.  of  water  at  174°  (78''-80)  /  ^-"^ 
1  lb.  of  ice  at  32°  (O^C)  \  _r,,x.^       .      .  ooo  (OOCA 

1  lb.  of  water  at  174°  (78°-8C)  /  '^^^^  ^* 
In  the  last  experiment,  therefore,  as  much  heat  has  been  apparently 
lost  as  would  have  raised  a  quantity  of  water  equal  to  that  of  the  ice 
thi-ough  a  range  of  142°  (78°-8C). 

The  heat,  thus  become  insensible  to  the  thermometer  in  effecting  the 
liquefaction  of  the  ice,  is  called  latent  heat,  or,  better,  heat  of  fluidity. 

Again,  let  a  perfectly  uniform  source  of  heat  be  imagined,  of  such  in- 
tensity that  a  pound  of  water  placed  over  it  would  have  its  temperature 
raised  10°  (5°-5C)  per  minute.  Starting  with  water  at  32°  (0°C)  in 
rather  more  than  14  minutes  its  temperature  would  have  risen  142° 
(78°'8) ;  but  the  same  quantity  of  ice  at  32°  (0°C),  exposed  for  the  same 
interval  of  time,  would  not  have  its  temperature  raised  a  single  degree. 
But,  then,  it  would  have  become  water  ;  the  heat  received  would  have 
been  exclusively  employed  in  effecting  the  change  of  state. 

This  heat  is  not  lost,  for  when  the  water  freezes  it  is  again  evolved. 
If  a  tall  jar  of  water,  covered  to  exclude  dust,  be  placed  in  a  situation 
where  it  shall  be  quite  undisturbed,  and  at  the  same  time  exposed  to 
great  cold,  the  temperature  of  the  water  may  be  reduced  10°  or  more 
below  its  freezing-point  without  the  formation  of  ice  ;  but  then,  if  a 
little  agitation  be  communicated  to  the  jar,  or  a  grain  of  sand  dropped 
into  the  water,  a  portion  instantly  solidifies,  and  the  temperature  of 
the  whole  rises  to  32°  (0^'C)  ;  the  heat  disengaged  by  the  freezino-  of 
a  small  portion  of  the  water  will  have  been  sufficient  to  raise  "the 
whole  contents  of  the  jar  10°  (5°-5C). 

This  curious  condition  of  instable  equilibrium  shown  by  the  very 
cold  water  in  the  preceding  experiment,  may  be  reproduced  with  a 
variety  of  solutions  which  tend  to  crystallize  or  solidify,  but  in  wliich 
that  change  is  for  a  while  suf<pended.  Thus,  a  solution  of  crystallized 
sulphate  of  soda  in  its  own  weight  of  warm  water,  left  to  cool  in  an 
open  vessel,  deposits  a  large  quantity  of  the  salt  in  crystals.  If  the 
wai-m  solution,  however,  be  filtered  into  a  clean  flask,  which  when  full 
is  securely  corked  and  set  aside  to  cool  undisturbed,  no  crystals  will  be 
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deposited,  even  after  many  days,  until  the  cork  is  withdrawn  and  the 
contents  of  the  flask  violently  shaken.  Crystallization  then  rapidly 
takes  place  in  a  very  beautiful  manner,  and  the  whole  becomes 
perceptibly  wann. 

The  law  thus  illustrated  in  the  case  of  water  is  perfectly  general. 
Whenever  a  solid  becomes  a  liquid,  a  certain  fixed  and  definite  amount 
of  heat  disappears,  or  becomes  latent ;  and  conversely,  whenever  a 
liquid  becomes  a  solid,  heat  to  a  corresponding  extent  is  given  out. 
The  amount  of  latent  heat  varies  much  with  different  substances,  as 
will  be  seen  by  the  table : — 


Water*  .  142°  (78°-8C) 
Sulphur  .  .145  (80  -50) 
Lead  .       .       162   (90  -50) 


Zinc  .  .  493°  (273°-8C) 
Tin  .  .  500  (277  -70) 
Bismuth     .    550   (305  -50) 


When  a  solid  substance  can  be  made  to  liquefy  by  a  weak  chemical 
attraction,  cold  results,  from  sensible  heat  becoming  latent.  This  is  the 
principle  of  the  many  frigorific  mixtui-es  to  be  found  described  in  some 
of  the  older  chemical  treatises.  When  snow  or  powdered  ice  is  mixed 
with  common  salt,  and  a  thermometer  plunged  into  the  mass,  the  mer- 
cury sinks  to  0°  (17°-7C),  while  the  whole  after  a  short  period  be- 
comes fluid  by  the  attraction  between  the  water  and  the  salt ;  such  a 
mixture  is  very  often  used  in  chemical  experiments  to  cool  receivers 
and  condense  the  vapours  'of  volatile  liquids.  Powdered  cijstallized 
chloride  of  calcium  and  snow  produce  cold  enough  to  freeze  mercury. 
Even  powdei'ed  nitrate  of  potassa,  or  sal-ammoniac,  dissolved  in  water, 
occasions  a  very  notable  depression  of  temperature  :  in  every  case,  in 
short,  in  which  solution  is  unaccompanied  by  energetic  chemical 
action,  cold  is  produced. 

No  relation  is  to  be  traced  between  the  actual  melting-point  of  a 
substance,  and  its  latent  heat  when  in  a  fused  state. 

A  law  of  exactly  the  same  kind  as  that  described  ailects  universally 
the  gaseous  condition ;  change  of  state  from  solid  or  liquid  to  gas  is 
accompanied  by  absorption  of  sensible  heat,  and  the  reverse  by  its 
disengagement.  The  latent  heat  of  steam  and  other  vapours  may  be 
ascertained  by  a  similar  mode  of  investigation  to  that  employed  in  the 
case  of  water. 

When  water  at  32°  (0°C)  is  mixed  with  an  equal  weight  of  water  at 
212°  (lOO'^C),  the  whole  is  found  to  possess  the  mean  of  the  two  tem- 
peratures, or  122°  (50°C);  on  the  other  hand,  1  part  by  weight  of 
steam  at  212"  (lOO'^C)  when  condensed  in  cold  water  is  found  to  be 
capable  of  raising  5  -6  parts  of  the  latter  from  the  freezing  to  the  boil- 
ing-point, or  through  a  range  of  180°  (lOO^C).  Now  180  X  5-6  = 
1008;  that  is  to  say,  steam  at  212°  (100°C)  in  becoming  water  at 
212'^,  parts  with  enough  heat  to  raise  a  weight  of  water  equal 
to  its  own  (if  it  were  possible)  1008°  (560°C)  of  the  themiometer. 

*  MM.  De  la  Provostaye  and  Regnault,  Ann.  Chim.  et  Phys.,  3rd  series, 
viii.  1. 
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When  water  passes  into  steam,  the  same  quantity  of  sensible  heat 
becomes  latent. 

The  vapom-s  of  other  liquids  seem  to  have  less  latent  heat  than  that 
of  water.  The  following  table  is  by  Dr.  Ure,  and  serves  well  to  illus- 
trate this  point : — 

Vapour  of  water          .  .          967°  (537°-2C) 

aJcohol   .          .          .442  (246  -60) 

ether           .  .          302  (167  -70) 

„        petroleum         .          .     178  (98  -80 

oil  of  turpentine  .          178  (98  -80) 

„         nitric  acid          .          .     532  (295  -50) 

„        liquor  ammoniae  .          837  (145  "00) 

„        vinegar   .          .          .875  (486  -IC) 

Ebullition  is  occasioned  by  the  formation  of  bubbles  of  vapour 
within  the  body  of  the  evaporating  liquid,  which  rise  to  the  surface 
like  bubbles  of  permanent  gas.  This  occurs  in  different  liquids 
at  veiy  different  temperatures.  Under  the  same  circumstances, 
the  boiling-point  is  quite  constant,  and  often  becomes  a  physical 
character  of  great  importance  in  distinguishing  liquids  which  much 
resemble  each  other.    A  few  cases  may  be  cited  in  illustration  : — 

Substance.  Boiling-point. 
Ether      ....  96°  (35° -50) 

Bisulphide  of  carbon  .  .  .115    (46  -IC) 

Alcohol  .  .  .177    (80  -SC) 

Water  .  .  .  .212  (100  C) 

Nitric  acid,  strong  .  .         248  (120  C) 

Oil  of  turpentine  .  .  .  312(155-50) 

Sulphuric  acid      .  .  .620  (326  -20) 

Mercury        .  .  .  .    662  (350  C) 

For  ebullition  to  take  place,  it  is  necesary  that  the  elasticity  of  the 
vapour  should  be  able  to  overcome  the  cohesion  of  the  liquid  and  the 
pressure  upon  its  surface ;  hence  the  extent  to  which  the  boilinc- 
point  may  be  modified. 

Water,  under  the  usual  pressure  of  the  atmosphere,  boils  at  212° 
(lOO'^C) :  in  a  partially-exhausted  receiver  or  on  a  mountain-top  it 
boils  at  a  much  lower  temperature  ;  and  in  the  best  vacuum  of  an 
excellent  air-pump,  over  oil  of  vitriol,  which  absorbs  the  vapour,  it 
will  often  enter  into  violent  ebullition  while  ice'  is  in  the  act  of  form- 
ing upon  the  surface. 

On  the  other  hand,  water  confined  in  a  very  strong  metallic  vessel 
may  be  restrained  from  boiling  by  the  pressure  of  its  own  vapour  to 
an  almost  unlimited  extent ;  a  temperature  of  350°  (177°C)  or  400° 
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(204'C3 very  easily  obtained ;  and,  in  fact,  it  is  said  that  it  mav 
be  made  red-hot,  and  yet  retain  its  fluidity. 

There  is  a  very  simple  and  beautiful  experiment  illustrative  of  the 
effect  of  diminished  pressure  in  depressing  the  boiling-point  of  a  liquid. 
A  little  water  is  made  to  boil  for  a  few  minutes  in  a  flask  or  retort 
placed  over  a  lamp,  until  the  air  has  been  chased  out,  and  the  steam 
issues  freely  from  the  neck.  A  tightly-fitting  cork  is  then  inserted, 
and  the  lamp  at  the  same  moment  withdrawn.  When  the  ebullition 
ceases  it  may  be  renewed  at  pleasure  for  a  considerable  time  by  the 
affusion  of  cold  water,  which,  by  condensing  the  vapour  within,  occa- 
sions a  partial  vacuum. 

The  nature  of  the  vessel,  or,  rather,  the  state  of  its  surface,  exercises 
an  influence  upon  the  boiling-point,  and  this  to  a  much  greater  extent 
than  was  formerly  supposed.  It  has  long  been  noticed  that  in  a 
metallic  vessel  water  boils,  under  the  same  circumstances  of  pressure, 
at  a  temperature  one  or  two  degrees  below  that  at  which  ebullition 
takes  place  in  glass ;  but  it  has  lately  been  shown  *  that  by  par- 
ticular management  a  much  greater  difference  can  be  observed.  If 
two  similar  glass  flasks  be  taken,  the  one  coated  in  the  inside  with 
a  film  of  shellac,  and  the  other  completely  cleansed  by  hot  sulphuiic 
acid,  water  heated  over  a  lamp  in  the  first  will  boil  at  211°  (99°'4C), 
while  in  the  second  it  will  often  rise  to  221°  (105°C)  or  even 
higher  ;  a  momentary  burst  of  vapour  then  ensues,  and  the  thermo- 
meter sinks  a  few  degrees,  after  which  it  rises  again.  In  this  state 
the  introduction  of  a  few  metallic  filings,  or  angular  fragments  of  any 
kind,  occasions  a  lively  disengagement  of  vapour,  while  the  tempera- 
ture sinks  to  212^  (lOO'^C),  and  there  remains  stationary.  These  re- 
markable effects  must  be  attributed  to  an  attraction  between  the 
surface  of  the  vessel  and  the  liquid. 

A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary  pres- 
sure of  the  atmosphere  expands  into  1696  cubic  inches,  or  nearly  a 
cubic  foot. 

Steam,  not  in  contact  with  water,  is  affected  by  heat  in  precisely 
the  same  manner  as  the  peiinanent  gases ;  its  rate  of  expansion  and 
increase  of  elastic  force  are  the  same.  When  water  is  present,  how- 
ever, this  is  no  longer  the  case,  but,  on  the  contrary,  the  elastic 
force  increases  in  a  far  more  rapid  proportion. 

This  elastic  force  of  steam  in  contact  with  water,  at  different  tem- 
peratures, has  been  very  carefully  determined  by  MM.  Arago  and 
Dulong,  and  very  lately  by  M.  Regnault.  The  force  is  expressed  in 
atmospheres:  the  absolute  pressure  upon  any  given  surface  can  be 
easily  calculated,  allowing  14-6  lb.  to  each  atmosphere.  The  ex-peri- 
ments  were  carried  to  twenty-five  atmospheres,  at  which  point  the 
diflSculties  and  danger  became  so  great  as  to  put  a  stop  to  the  inquiry  ; 
the  rest  of  the  table  is  the  result"  of  calculations  founded  on  the  data 
so  obtained. 

*  Marcet,  Ann.  Chlm.  et  Phys.,  3rd  series,  v.  449. 
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Pressure  of  steam 
in  atmospheres. 


1  . 

1-  5 

2  . 

2-  5 

3  . 

3-  5 

4  . 

4-  5 

5  . 

5-  5 

6  . 

6-  5 

7  . 

7-  5 


9 
10 
11 
12 


Corresponding 
temperature. 

F.  C. 

212=  100^ 

230  112 

251  121 

264  128 

275  125 

285  140 

294  145 

300  148 

308  153 

314  156 

320  160 

326  163 

332  166 

337  169 

342  172 

351  177 

359  181 

367  186 

374  190 


Pressure  of  steam 
in  atmospheres. 


13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
30 
35 
40 
45 
50 


Corresponding 
temperature. 
F.  C. 
381°  155°-1 
387   157  -7 
393   200  -5 
398    203  -1 
404,206  -2 
409    209  -4 
414  212 
418  214 
423  217 
427  219 
431  221 


•2 
•4 
•2 
•4 

•9 


436  224  -4 

439  226  -1 

457  236  -1 

473  245  -1 

487  252  '1 

491  255 

511  266  -1 


It  is  a  very  remarkable  fact,  that  the  latent  heat  of  steam  diminishes 
as  the  temperature  of  the  steam  rises,  so  that  equal  weights  of  steam 
thrown  into  cold  water  exhibit  nearly  the  same  heating  power, 
although  the  actual  temperature  of  the  one  portion  may  be  212° 
(100°C),  and  that  of  the  other  350°  (176°-2C)  or  400°  (204° -40). 
This  also  appears  true  with  temperatui-es  below  the  boiling-point ;  so 
that,  it  seems,  to  evaporate  a  given  quantity  of  water  the  same  abso- 
lute amount  of  heat  is  required,  whether  it  be  performed  slowly  at 
the  temperature  of  the  air  in  a  manner  presently  to  be  noticed,  or 
whether  it  be  boiled  off  under  the  pressure  of  twenty  atmospheres. 
It  is  for  this  reason  that  the  process  of  distillation  in  vacuo  at  a  tem- 
perature which  the  hand  can  bear,  so  advantageous  in  other  respects, 
can  effect  no  direct  saving  in  fuel.* 

The  economical  applications  of  steam  are  numerous  and  extremely 
valuable  ;  they  may  be  divided  into  two  classes  :  those  in  which  the 
heating  power  is  employed,  and  those  in  which  its  elastic  force  is 
brought  into  use. 

The  value  of  steam  as  a  source  of  heat  depends  upon  the  facility 
with  which  it  may  be  conveyed  to  distant  points,  and  upon  the  large 

*  The  proposition  in  the  text,  of  the  sum  of  the  latent  and  sensible  heats  of 
steam  bemg  a  constant  quantity,  is  known  by  the  name  of  Watfs  laiv,  having 
been  deduced  by  that  illustrious  man  from  experiments  of  his  own.  It  has 
always  agreed  weU  with  the  rough  practical  results  obtained  by  engineers,  and 
has  lately  been  confirmed  to  a  great  extent,  although  not  completely,  by  a 
senes  of  elaborate  experiments  by  M.  Regnault. 
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amount  of  latent  heat  it  contains,  which  is  disengaged  in  the  act  of 
.    .  condensation.    An  invariable  tem- 

perature  of  212'^(100°C),or  higher 
may  be  kept  up  in  the  pipes  or 
other  vessels  in  which  the  steam  is 
contained  by  the  expenditure  of  a 
vejy  small  quantity  of  the  latter. 
Steam-baths  of  various  fonns  are 
used  in  the  arts  with  great  con- 
venience, and  also  by  the  scientific 
chemist  for  diying  filters  and  other 
objects  where  excessive  heat  would 
be  hurtful  ;  a  very  good  insti-ument 
of  the  kind  was  contrived  by  Mr. 
Everitt.  It  is  merely  a  small 
kettle,  surmounted  by  a  double  box  or  jacket,  into  which  the  substance 


to  be  dried 


IS  put,  and  loosely 
IHg.  30. 


covered  by  a  card.  The  apparatus 
is  placed  over  a  lamp,  and  may  be 
left  without  attention  for  many 
hours.  A  little  hole  in  the  side  of 
the  jacket  gives  vent  to  the  excess 
of  steam. 

The  principle  of  the  steam-engine 
may  be  described  in  a  few  words  : 
its  mechanical  details  do  not  be- 
long to  the  design  of  the  present 
volume.  The  machine  consists  es- 
sentially of  a  cylinder  of  metal  a, 
in  which  works  a  closely-fitting 
solid  piston,  the  rod  of  which  passes, 
air-tight,  through  a  stuffing-box  at 
the  top  of  the  "  cylinder,  and  is 
connected  with  the  machinery  to  be 
put  in  motion,  directly,  or  by  the 
intervention  of  an  oscillating  beam. 
A  pipe  communicates  with  the  in- 
terior of  the  cylinder,  and  also 
with  a  vessel  surrounded  with  cold 
water,  called  the  condenser,  marked 
6  in  the  sketch,  and  into  which  a 
jet  of  cold  water  can  at  pleasure 
be  introduced.  A  sliding-valve  ar- 
rangement, shown  at  c,  serves  to 
open  a  communication  between  the 
boiler  and  the  cylinder,  and  the 
cylinder  and  the  condenser,  in  such 
a  manner  that  while  the  steam  is 
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allowed  to  press  with  all  its  force  upon  one  side  of  the  piston,  the 
other,  open  to  the  condenser,  is  necessarily  vacuous.  The  valve  is 
shifted  by  the  engine  itself  at  the  proper  moment,  so  that  the  piston 
is  alternately  driven  by  the  steam  up  and  down  against  a  vacuum. 
A  large  air-pump,  not  shown  in  the  engraving,  is  connected  with  the 
condenser,  and  serves  to  remove  any  air  that  may  enter  the  cylinder, 
and  also  the  water  produced  by  condensation,  together  with  that 
which  may  have  been  injected. 

Such  is  the  vacuum  or  condensing  steam-engine.  In  what  is  called 
the  high-pressure  engine  the  condenser  and  air-pump  are  suppressed, 
and  the  steam  is  allowed  to  escape  at  once  from  the  cylinder  into  the 
atmosphere.  It  is  obvious  that  in  this  arrangement  the  steam  has  to 
overcome  the  whole  pressure  of  the  air,  and  a  much  greater  elastic 
force  is  required  to  produce  the  same  effect ;  but  this  is  to  a  very  great 
extent  compensated  by  the  absence  of  the  air-pump  and  the  increased 
simplicity  of  the  whole  machine.  Large  engines,  both  on  shore  and  in 
steam-ships,  are  usually  constructed  on  the  condensing  principle,  the 
pressure  seldom  exceeding  six  or  seven  pounds  per  squai'e  inch  above 
that  of  the  atmosphere ;  for  small  engines  the  high-pressure  plan  is, 
perhaps,  preferable.    Locomotive  engines  are  of  this  kind. 

A  peculiar  modification  of  the  steam-engine,  employed  in  Cornwall 
for  draining  the  deep  mines  of  that  country,  is  now  getting  into  use 
elsewhere  for  other  purposes.  In  this  machine  economy  of  fuel  is  car- 
ried to  a  most  extraordinary  extent,  engines  having  been  known  to 
perfonn  the  duty  of  raising  more  than  100,000,000  lb.  of  water  one 
foot  high  by  the  consumption  of  a  single  bushel  of  coals.  The  engines 
are  single-acting,  the  down-stroke,  which  is  made  against  a  vacuum, 
being  the  effective  one,  and  employed  to  lift  the  enormous  weight 
of  the  pump-rods  in  the  shaft  of  the  mine.  When  the  piston  reaches 
the  bottom,  the  communication  both  with  the  boiler  and  the  con- 
denser is  cut  off,  while  an  equilibrium-valve  is  opened  connecting  the 
upper  and  lower  extremities  of  the  cylinder,  whereupon  the  weight 
of  the  pump-rods  draws  the  piston  to  the  top  and  makes  the  up-stroke. 
The  engine  is  worked  expansively,  as  it  is  termed,  steam  of  high 
tension  being  employed,  which  is  cut  off  at  one-eighth  or  even  one- 
tenth  of  the  stroke. 

The  process  of  distillation,  which  may  now  be  noticed,  is  very  sim- 
ple :  its  object  is  either  to  separate  substances  which  rise  in  vapour  at 
different  temperatures,  or  to  pai-t  a  volatile  liquid  from  a  substance  in- 
capable of  volatilization.  The  same  process  applied  to  bodies  which 
pass  directly  from  the  solid  to  the  gaseous  condition,  and  the  reverse 
IS  called  sublimation.  Every  distillatory  apparatus  consists  essentially 
of  a  boiler,  in  which  the  vapour  is  raised,  and  of  a  condenser,  in  which 
It  returns  to  the  liquid  or  solid  condition.  In  the  still  employed  for 
manufacturing  purposes,  the  latter  is  usually  a  spiral  metal  tube  im- 
mersed m  a  tub  of  water.  The  common  retort  and  receiver  constitute 
the  simplest  and  most  generally  useful  arrangement  for  distUlation  on 
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Fig.  31. 


the  small  scale  ;  the  retort  is  heated  by  a  lamp  or  »  charcoal  fire,  and 
the  receiver  is  kept  cool,  if  necessary,  by  a  wet  cloth,  or  it  may  be 
surrounded  with  ice.    (Fig.  .31). 

The  condenser  of  Professor  Liebig  is  a  veiy  valuable  instrument  in 
the  laboratory  ;  it  consists  of  a  glass  tube  tapering  from  end  to  end, 
fixed  by  perforated  corlss  in  the  centre  of  a  metal  pipe,  provided  with 
tubes  so  arranged  that  a  current  of  cold  water  may  circulate  through 
the  apparatus.  By  putting  a  few  pieces  of  ice  into  the  little  cistern, 
the  temperature  of'this  water  may  be  kept  at  32"  (O'C),  and  extremely 
volatile  liquids  condensed. 


Fig.  32. 
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Liquids  evaporate  at  temperatures  below  their  boiling-points  ;  in 
this  case  the  evaporation  takes  place  solely  from  the  surface.  Water, 
or  alcohol,  exposed  in  an  open  vessel  at  the  temperature  of  the  air, 
gi-adually  dries  up  and  disappears  ;  the  more  rapidly,  the  wanner  and 
drier  the  air  above  it. 

This  fact  was  formerly  explained  by  supposing  that  air  and  gases  in 
general  had  the  power  of  dissolving  and  holding  in  solution  certain 
quantities  of  liquids,  and  that  this  power  increased  with    p^g  33^ 
the  temperature :  such  an  idea  is  incorrect. 

If  a  barometer-tube  be  carefully  filled  with  mercury  and 
inverted  in  the  usual  manner,  and  then  a  few  drops  of 
water  passed  up  the  tube  into  the  vacuum  above,  a  very 
remarkable  effect  will  be  observed; — the  mercury  will  be 
depressed  to  a  small  extent,  and  this  depression  will  in- 
crease with  increase  of  temperature.  Now,  as  the  space 
above  the  mercury  is  void  of  air,  and  the  weight  of  the 
few  drops  of  water  quite  inadequate  to  account  for  this 
depression,  it  must  of  necessity  be  imputed  to  the  vapour 
which  instantaneously  rises  from  the  water  into  the  va- 
cuum ;  and  that  this  effect  is  really  due  to  the  elasticity 
or  tension  of  the  aqueous  vapour,  is  easily  proved  by  ex- 
posing the  barometer  to  a  heat  of  212°  (100°C),  when  the 
depression  of  the  mercury  will  be  complete,  and  it  will 
stand  at  the  same  level  within  and  without  the  tube  ;  in- 
dicating that  at  that  temperature  the  elasticity  of  the 
•  vapour  is  equal  to  that  of  tlie  atmosphere — a  fact  which 
the  phenomenon  of  ebullition  has  already  shown. 

By  placing  over  the  barometer  a  wide  open  tube  dipping 
into  the  mercury  below,  and  then  filling  this  tube  with 
water  at  different  temperatures,  the  tension  of  the  aqueous 
vapour  for  each  degree  of  the  thermometer  may  be  ac- 
curately determined  by  its  depressing  effect  upon  the 
mercurial  column  ;  the  same  power  which  forces  the  latter 
down  one  inch  against  the  pressure  of  the  atmosphere, 
would  of  course  elevate  a  column  of  mercury  to  the  same 
height  against  a  vacuum,  and  in  this  way  the  tension  may 
be  very  conveniently  expressed.  The  following  table  was 
drawn  up  by  Dr.  Dalton,  to  whom  we  owe  the  method  of 
investigation  : — 


Temperature.     Tension  in  inches 

F.  C.  of  mercury. 

32°  .      0°  .  0-200 

40  .      4-4  .  0'26.3 

50  .  10  .  0-375 

60  .  15-5  .  0-524 

70  .  21  1  .  0-721 


Temperature.    Tension  in  inches 


F. 

80° 

90 
100 
110 
120 


C. 
26-6 
32-2 
37-7 
43-3 
48-8 


of  mercury. 
1-000 
1-360 

1-  860 

2-  530 

3-  330 
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Temperature.    Tension  in  inches 


F. 

C, 

of  mercury. 

130° 

.  54-4 

•  4-34 

140 

.  60 

•  5-74 

150 

.  65-5 

•  7-42 

160 

.  71-1 

•  9-46 

170 

.  76-6 

•  12-13 

Temperature.      Tension  in  inches 


F. 

C. 

of  mercury. 

180° 

•  82-2 

.  15-15 

190 

•  87-7 

.  19-00 

200 

•  93-3 

.  23-64 

212 

•  100 

.  30-00 

Fig.  34.  Other  liquids  tried  in  this  manner  are  found  to 

emit  vapours  of  greater  or  less  tension,  for  the  same 
temperature  according  to  their  different  degrees  of 
volatility :  thus,  a  little  ether  introduced  into  the 
tube  depresses  the  mercury  10  inches  or  more  at 
the  ordinary  temperature  of  the  air  ;  oil  of  vitriol, 
on  the  other  hand,  does  not  emit  any  sensible 
quantity  of  vapour  until  a  much  greater  heat  is 
applied ;  and  that  given  off  by  mercury  itself  in 
warm  summer  weather,  although  it  may  by  very 
delicate  means  be  detected,  is  far  too  little  to 
exercise  any  effect  upon  the  barometer.  In  the 
case  of  water,  the  evaporation  is  quite  distinct 
and  perceptible  at  the  lowest  temperatures,  when 
frozen  to  solid  ice  in  the  barometer-tube ;  snow  on 
the  ground,  or  on  a  house-top,  may  often  be  noticed 
to  vanish,  from  the  same  cause,  day  by  day  in  the 
depth  of  winter,  when  melting  is  impossible. 

There  exists  for  each  vapour  a  state  of  density 
which  it  cannot  pass  without  losing  its  gaseous 
condition,  and  becoming  liquid ;  this  point  is  called 
the  condition  of  maximum  density.  When  a  vola- 
tile liquid  is  introduced  in  sufficient  quantity  into 
a  vacuum,  this  condition  is  always  reached,  and 
then  evaporation  ceases.  Any  attempt  to  increase 
the  density  of  this  vapour  by  compressing  it  into 
a  smaller  space  will  be  attended  by  the  liquefac- 
tion of  a  portion,  the  density  of  the  remainder 
being  unchanged.  If  a  little  ether  be  introduced 
into  a  barometer,  and  the  latter  slowly  sunk  into 
a  very  deep  cistern  of  mercury,  it  will  be  found 
that  the  height  of  the  column  of  mercury  in  the 
tube  above  that  in  the  cistern  remains  unaltered 
until  the  upper  extremity  of  the  barometer  ap- 
proaches the  surface  of  the  metal  in  the  reservoir. 
It  will  be  observed  also,  that,  as  the  tube  sinks,  the 
little  stratum  of  liquid  ether  increases  in  thickness, 
but  no  increase  of  elastic  force  occure  in  the  vapour 
above  it,  and,  consequently,  no  increase  of  density  ; 
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for  tension  and  density  are  always,  under  ordinary  circumstances  at 
least,  directly  ijroportionate  to  each  other  in  the  same  vapour. 

The  point  of  maximum  density  of  vapours  is  dependent  upon^  the 
temperature ;  it  increases  rapidly  as  the  temperature  rises.  This  is 
well  shown  in  the  case  of  water.  Thus,  taldng  the  specific  gravity  of 
atmospheric  air  at  212^  (100°C)=  1000,  that  of  aqueous  vapour  in  its 
greatest  possible  state  of  compression  for  the  temperature  will  be  as 
follows  : — 


Temperature.  Specific  gravity.  Weight  of  100  cubic  inches 

F.  C. 

32°       0°    .       .  5-690       .       0-136  grains. 

50  10  .       .     10-293  .       .  0-247 

60  15-5  .        14-108       .  0-338 

100  37-7  .       .     46-500  .       .  1-113 

150  65-5  .       170-293       .  4-076 

212  100  .       .   625-000  .       .  U-962 

The  last  number  was  experimentally  found  by  M.  Gay-Lussac  ;  the 
others  are  calculated  from  that  by  the  aid  of  Dr.  Dalton's  table  of 
tensions,  when  the  assumption  has  been  made,  which  is  however  only 
approximatively  true,  that  steam  obeys  the  law  of  Mariotte  to  the 
limit  of  its  greatest  density,  and  that  when  it  is  cooled  it  contracts  like 
the  permanent  gases. 

Thus,  there  are  two  distinct  methods  by  which  a  vapour  may  be 
reduced  to  the  liquid  form ;  pressure,  by  causing  increase  of  density 
until  the  point  of  maximum  density  for  the  particular  tenperature  is 
reached ;  and  cold,  by  which  the  point  of  maximum  density  is  itself 
lowered.  The  most  powerful  effects  are  of  course  produced  when 
both  are  conjoined. 

For  example,  if  100  cubic  inches  of  perfectly  transparent  and 
gaseous  vapour  of  water  at  100°  (37°-7C),  in  the  state  above  described, 
had  its  temperature  reduced  to  50°  (10°C),  not  less  that  0-89  *  grain 
of  fluid  water  would  necessarily  separate,  or  very  nearly  eight-tenths 
of  the  whole. 

Evaporation  into  a  space  filled  with  aii-  or  gas  follows  the  same 
law  as  evaporation  into  a  vacuum  :  as  much  vapour  rises,  and  the  con- 
dition of  maximum  density  is  assumed  in  the  same  manner,  as  if  the 
space  were  perfectly  empty ;  the  sole  difference  lies  in  the  length  of 
time  required.  When  a  liquid  evaporates  into  a  vacuum,  the  point  of 
greatest  density  is  attained  at  once,  while  in  the  other  case  some  time 
elapses  before  this  happens ;  the  particles  of  air  appear  to  oppose  a 
sort  of  mechanical  resistance  to  the  rise  of  the  vapour.  The  ultimate 
effect  is,  however,  precisely  the  same. 

When  to  a  quantity  of  perfectly  dry  gas  confined  in  a  vessel  closed 

*  100  cubic  inches  aqueous  vapours  at  looo  (3lo-lC),  weiKhinc  1-113  irrain 
would  at  50O  (10=0),  become  reduced  to  91-07  cubic  incbes,  weighing  0-225  grain'. 
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by  mercury,  a  little  water  is  added,  the  latter  immediately  begins  to 
evaporate,  and  after  some  time  as  much  vapour  will  be  found  to  have 
risen  from  it  as  if  no  gas  had  been  present,  the  quantity  depending 
entirely  on  the  temperature  to  which  the  whole  is  subjected.  The 
tension  of  this  vapour  will  add  itself  to  that  of  the  gas,  and  produce  an 
expansion  of  volume,  which  will  be  indicated  by  an  alteration  of  level 
in  the  mercury. 

Vapour  of  water  exists  in  the  atmosphere  at  all  times,  and  in  all 
situations,  and  there  plays  a  most  important  part  in  the  economv  of 
nature.  The  proportion  of  aqueous  vapour  present  in  the  air  is  sub- 
ject to  great  variation,  and  it  often  becomes  exceedingly  important  to 
detei-mine  its  quantity.  This  is  easily  done  by  the  aid  of  the  foregoing 
principles. 

If  the  aqueous  vapour  be  in  its  condition  of  greatest  possible  density 
for  the  temperature,  or,  as  it  is  frequently,  but  most  incorrectly  ex- 
pressed, the  air  be  saturated  with  vapour  of  water,  the  slightest  re- 
duction of  temperatm-e  will  cause  the  deposition  of  a  portion  in  the 
liquid  form.  If,  on  the  contrary,  as  is  almost  always  in  reality  the 
case,  the  vapour  of  water  be  below  its  state  of  maximum  density,  that 
is,  in  an  expanded  condition,  it  is  clear  that  a  considerable  fall  of 
temperature  may  occur  before  liquefaction  commences.  The  degree  at 
vsrhich  this  takes  place  is  called  the  dew-point,  and  it  is  deteiinined 
with  great  facility  by  a  very  simple  method.  A  little  cup  of  thin  tin- 
plate  or  silver,  well  polished,  is  filled  with  water  at  the  temperature  of 
the  air,  and  a  delicate  thermometer  inserted.  The  water  is  then 
cooled  by  dropping  in  fragments  of  ice,  or  dissolving  in  it  powdered 
sal-ammoniac,  until  a  deposition  of  moisture  begins  to  make  its  ap- 
pearance on  the  outside,  dimming  the  bright  metallic  surface.  The 
temperature  of  the  dew-point  is  then  read  off  upon  the  thermometer, 
and  compared  with  that  of  the  air. 

Suppose,  by  way  of  example,  that  the  latter  were  70°  (21°-lC),and 
the  dew-point  SO'-"  (10°C);  tlie  elasticity  of  the  watery  vapour  present 
would  correspond  to  a  maximum  density  pi'oper  to  50°  (10°C),  and 
would  support  a  column  of  mercury  0'375  inch  high.  If  the  barometer 
on  the  spot  stood  at  30  inches,  therefore,  29-625  inches  would  be 
supported  by  the  pressure  of  the  dry  air,  and  the  remaining  0-375  inch 
by  the  vapour.  Now  a  cubic  foot  of  such  a  mixture  must  be  looked 
upon  as  made  up  of  a  cubic  foot  of  dry  air,  and  a  cubic  foot  of  watery 
vapour,  occupying  the  same  space,  and  having  tensions  indicated  by 
tlie  numbers  jus^t  mentioned.  A  cubic  foot,  or  1728  cubic  inches  of 
vapour  at  70°  (21°-lC),  would  become  reduced  by  contraction,  accord- 
ing to  the  usual  law,  to  1662-8  cubic  inches  at  50°  (10°C)  ;  this  vapour 
would  be  at  its  maximum  density,  having  the  specific  gravity  pointed 
out  in  the  table  ;  hence  1662-8  cubic  inches  would  weigh  4-11  grains. 
The  weight  of  the  aqueous  vapour  contained  in  a  cubic  foot  of  air  will 
thus  be  ascertained.  In  this  country  the  difference  between  the  tem- 
perature of  the  air  and  the  dew-point  seldom  reaches  30°  (16°-6C)  ;  but 
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ill  the  Deccan,  with  a  temperature  of  90°  (32°-2C),  the  dew-point  has 
been  seen  as  low  as  29°  (— 1°-6C),  making  the  degree  of  dryness  61° 
(33°-8C).* 

Another  method  of  finding  the  proportion  of  moisture  present  m 
the  air  is  to  observe  the  rapidity  with  which  evaporation  takes  place, 
and  which  is  always  in  some  relation  to  the  degree,,  of  diyness. 
The  bulb  of  a  thermometer  is  covered  with  muslin,  and  kept  wet 
with  water;  evaporation  produces  cold,  as  will  presently  be  seen, 
and  accordingly  the  thermometer  soon  sinks  below  the  actual  tem- 
perature of  the  air.  When  it  comes  to  rest,  the  degree  is  noticed, 
and  from  a  comparison  of  the  two  temperatures  an  approximation 
to  the  dew-point  can  be  obtained  by  the  aid  of  a  mathematical 
formula  contrived  for  the  puii30se.  This  is  called  ji^g.  35. 
the  wet-bulb  hygrometer  ;  it  is  often  made  in  the 
manner  shown  in  the  margin,  where  one  thermometer 
serves  to  indicate  the  temperature  of  the  air,  and 
the  other  to  show  the  rate  of  evaporation,  being  kept 
wet  by  the  thread  in  connexion  with  the  little  water 
reservoir. 

The  perfect  resemblance  in  every  respect  which  va- 
pours bear  to  permanent  gases,  led,  very  naturally,  to 
the  idea  that  the  latter  might,  by  the  application  of 
suitable  means,  be  made  to  assume  the  liquid  con- 
dition, and  this  surmise  was,  in  the  hands  of  Mr. 
Faraday,  to  a  great  extent  verified.  Out  of  the  small 
number  of  such  substances  tried,  not  less  than  eight 
gave  way  ;  and  it  is  quite  fair  to  infer,  that,  had  means 
of  sufficient  power  been  at  hand,  the  rest  would  have 
shared  tlie  same  fate,  and  proved  to  be  nothing  more 
than  the  vapours  of  volatile  liquids  in  a  state  very  far 
removed  from  that  of  their  maximum  density.  The 
subjoined  table  represents  the  results  of  Mr.  Faraday's 
first  investigations,  with  the  pressure  in  atmospheres, 
and  the  temperature  at  which  the  condensation  took  , 
place,  f  t2^="=^fi 

Atmospheres.  Temperature. 

F.  C. 

Sulphurous  acid         .         2    .        .       .    45°  70.? 

Sulphuretted  hydrogen  .17  .  .  50  10 
Carbonic  Acid    .       .       36    .       .       .    32  0 

Chlorine  .  .  .4  .  .  60  15  -5 
Nitrous  oxide    .       .       50    .       .       .    45     7  -2 

Cyanogen     .       .       .      3-6     .  .       45     7  -2 
Ammonia         .       .         6'5        •       .    50  10 

Hydrochloric  acid  .       .40        .  .        50  10 

•  Mr.  Daniell,  Introduction  to  Chemical  Philosonhv  n  l-ii 
i  Phil.  Trans,  for  1823,  p.  189.  ' 
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The  method  of  proceeding  was  very  simple :  the  materials  were 
sealed  up  in  a  strong  narrow  tube,  tugether  with  a  little  pressure- 
gauge,  consisting  of  a  slender  tube  closed  at  one  end,  and  having 
within  it,  near  the  open  extremity,  a  globule  of  mercury.    The  gas 

IHg.  36. 


being  disengaged  by  the  application  of  heat,  or  otherwise,  accumulated 
in  the  tube,  and  by  its  own  pressure  brought  about  condensation.  The 
force  required  for  this  purpose  was  judged  of  by  the  diminution  of 
volume  of  the  air  in  the  gauge. 

Mr.  Faraday  has  since  resumed,  with  the  happiest  results,  the  sub- 
ject of  the  liquefaction  of  the  permanent  gases.  By  using  nai'row  »reen 
glass  tubes  of  great  strength,  powerfully-condensing  syiinges,  and  an  ex- 
tremely low  temperature,  pi  oduced  by  means  to  be  presently  described, 
defiant  gas,  hydriodic  and  hydrobromic  acids,  phosphoretted  hydroo^en, 
and  the  gaseous  fluorides  of  silicon  and  boron,  were  successively  liquefied. 
Oxygen,  hydrogen,  nitrogen,  nitric  oxide,  carbonic  oxide,  and  coal-gas, 
refused  to  liquefy  at^the  temperature  of  —  166°  ( — 74°  4C)  while  sub- 
jected to  pressures  varying  in  the  different  cases  from  27  to  58  atmo- 
spheres.* 

Sir  Isambard  Brunei,  and,  more  recently,  M.  Thilorier,  of  Paris, 
succeeded  in  obtaining  liquid  carbonic  acid  in  great  abundance.  The 
apparatus  of  M.  Thilorier  consists  of  a  pair  of  extremely  strong  metallic 
vessels,  one  of  which  is  destined  to  serve  the  pui-pose  of  a  retort,  and 
the  other  that  of  a  receiver.  They  are  made  either  of  thick  cast-iron 
or  gun-metal,  or,  still  better,  of  the  best  and  heaviest  boiler-plate,  and 
are  furnished  with  stop-cocks  of  a  peculiar  kind,  the  workmanship  of 
which  must  be  excellent.  The  generating  vessel  or  retort  has  a  pair  of 
ti'unnions  upon  which  it  swings  in  an  iron  frame.  The  joints  are  se- 
cured by  collars  of  lead,  and  every  precaution  taken  to  prevent  leakage 
under  the  enormous  pressure  the  vessel  has  to  bear.  The  receiver  re- 
sembles the  retort  in  every  respect ;  it  has  a  similar  stop-cock,  and  is 
connected  with  the  retort  by  a  strong  copper  tube  and  a  pair  of  union 
screw-joints ;  a  tube  passes  from  the  stop-cock  downwards,  and  ter- 
minates near  the  bottom  of  the  vessel. 

The  operation  is  thus  conducted  :  2flb.  of  bicarbonate  of  soda,  and 
6J  lb.  of  water  at  100°  (37°'7C),  are  introduced  into  the  generator ; 

*  Phil.  Trans,  for  1845,  p.  155.  M.  Natterer  in  Vienna  has  since  succeeded, 
by  means  of  a  condensing  pump  which  can  be  worked  without  any  risk,  in 
directly  condensing  nitrous-oxide  gas,  without  the  use  of  strong  frigorific 
mixtures. 
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oil  of  vitriol  to  the  amount  of  U  lb.  is  poured  into  a  copper  oylmdncal 
vessel  which  is  lowered  down  into  the  mixture,  and  set  upright ;  the 
stop-cock  is  then  screwed  into  its  place,  and  forced  home  by  a  spanner 
and  mallet.  The  machine  is  next  tilted  up  on  its  trunnions,  that  the^ 
acid  may  run  out  of  the  cylinder  and  mix  with  the  other  contents  ot 
the  o-euerator ;  and  this  mixture  is  favoured  by  swinging  the  whole 
backwards  and  forwards  for  a  few  minutes,  after  which  it  may  be 
suffered  to  remain  a  little  time  at  rest. 


The  receiver,  surrounded  with  ice,  is  next  connected  with  the  gene- 
rator, and  both  cocks  opened  ;  the  liquefied  carbonic  acid  distils  over 
into  the  colder  vessel,  and  there  again  in  part  condenses.  The  cocks 
are  now  closed,  the  vessels  disconnected,  the  cock  of  the  generator 
opened  to  allow  the  contained  gas  to  escape  ;  and,  lastly,  when  the  issue 
of  gas  has  quite  ceased,  the  stop-cock  itself  unscrewed,  and  the  sulphate 
of  soda  turned  out.  This  operation  must  be  repeated  five  or  six  times 
before  any  very  considerable  quantity  of  liquefied  acid  will  have  accu- 
mulated in  the  receiver.  When  the  receiver  thus  charged  has  its 
stop-cock  opened,  a  stream  of  the  liquid  is  foixibly  driven  up  the  tube 
by  the  elasticity  of  the  gas  contained  in  the  upper  part  of  the  vessel. 

E 
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It  Will  be  quite  proper  to  point  out  to  the  experimenter  the  crreat 
personal  danger  he  incurs  in  using  this  apparatus,  unless  the  utmost 
care  be  taken  in  its  management.  A  dreadful  accident  has  already 
occurred  in  Paris  by  the  bursting  of  one  of  the  iron  vessels. 

The  cold  produced  by  evaporation  has  been  already  adverted  to  :  it 
is  simply  an  effect  arising  from  the  conversion  of  sensible  heat  into 
latent  by  the  rising  vapour,  and  it  may  be  illustrated  in  a  variety  of 
ways.  A  little  ether  dropped  on  the  hand  thus  produces  the  sensation 
of  great  cold  ;  and  water  contained  in  a  thin  glass  tube,  surrounded  by 
a  bit  of  rag,  is  speedily  frozen  when  the  rag  is  kept  wetted  with  ether. 

Fig.  38.  When  a  little  water  is  put  into 

a  watch-glass,  supported  by  a  tri- 
angle of  wire  over  a  shallow  glass 
dish  of  sulphuric  acid  placed  on 
the  plate  of  a  good  air-pump,  the 
whole  covered  with  a  low  receiver, 
and  the  air  withdrawn  as  perfectly 
as  possible,  the  water  is  in  a  few 
minutes  converted  into  a  solid  mass  of  ice,  and  the  watch-glass  verv 
frequently  broken  by  the  expansion  of  the  lower  portion  of  water  in 
the  act  of  freezing,  a  thick  crust  first  fonning  on  the  surftice.  The 
absence  of  the  impediment  of  the  air,  and  the  rapid  absorption  of 
watery  vaj)our  by  the  oil  of  vitriol,  induce  such  quick  evaporation 
that  the  water  has  its  temperature  almost  immediately  reduced  to  the 
freezing-point. 

The  same  fact  is  shown  by  a  beautiful  instrument  contrived  by 
Dr.  WoUaston,  called  acryophorus,  or  frost-carrier.  It  is  made  of  glass, 
of  the  figure  represented  below,  and  contains  a  small  quantity  of  water, 
the  rest  of  the  space  being  vacuous.  When  all  the  water  is  turned  into 
the  bulb,  and  the  empty  extremity  plunged  into  a  mixture  of  ice  and 
.salt,  the  solidification  of  the  vapom-  gives  rise  to  such  a  quick  evapo- 
ration from  the  surface  of  the  water,  that  the  latter  freezes. 


Fig.  39. 


All  means  of  producing  artificial  cold  yield  to  that  derived  from  the 
evaporation  of  the  liquefied  carbonic  acid,  just  mentioned.  When  a 
jet  of  that  liquid  is  allowed  to  issue  into  the  air  from  a  narrow  aper- 
ture, such  an  intense  degree  of  cold  is  produced  by  the  evaporizatiou 
of  a  part,  that  the  remainder  freezes  to  a  solid,  and  falls  in  a  shower 
of  snow.  By  suffering  this  jet  of  liquid  to  flow  into  a  metal  box  pro- 
vided for  the  purpose,  shown  in  the  drawing  of  the  apparatus,  a  large 
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quantity  of  the  solid  acid  may  be  obtained  ;  it  closely  resembles  snow 
in  appearance,  and  when  held  in  the  hand  occasions  a  painful  sensa- 
tion of  cold,  while  it  gradually  disappears.  Mixed  with  a  little  ether, 
and  poured  upon  a  mass  of  mercury,  the  latter  is  almost  instantly 
frozen,  and  in  this  way  pounds  of  the  solidified  metal  may  be  obtained. 
The  addition  of  the  ether  facilitates  the  contact  of  the  carbonic  acid 
with  the  mercury. 

The  temperature  of  a  mixture  of  solid  carbonic  acid  and  ether  in  the 
air,  measured  by  a  spirit-thei-mometer,  was  found  to  be  —  106° 
( — IG^'GC)  ;  when  the  same  mixture  was  placed  beneath  the  receiver  of 
an  air-pump,  and  exhaustion  rapidly  made,  the  temperature  sank  to 
— 1 60°  ( — 110°C).  This  was  the  method  of  obtaining  extreme  cold  em- 
ployed by  Mr.  Faraday  in  his  last  experiments  on  the  liquefaction  of 
gases.  Under  such  circumstances  the  liquefied  hydriodic,  hydrobro- 
mic,  and  sulphurous  acid  gases,  carbonic  acid,  nitrous  oxide,  sulphu- 
retted hydrogen,  cyanogen,  and  ammonia,  froze  to  colourless  ti'anspa- 
rent  solids,  and  alcohol  became  thici;:  and  oily. 

The  principle  of  the  cryophorus  has  been  very  happily  applied 
by  Mr.  Daniell  to  the  construction  of  a  dew-point  hygrometer ; 
fig.  40.  It  consists  of  a  bent  glass  tube  teiminated  by  two 
bulbs,  one  of  which  is  half  filled  with  ether, 
the  whole  being  vacuous  as  respects  atmo-  Jhg.io 
spheric  air.  A  delicate  thermometer  is  con- 
tained in  the  longer  limb,  the  bulb  of  which 
dips  into  the  ether  ;  a  second  thermometer  on 
the  stand  serves  to  show  the  actual  temperature 
of  the  air.  The  upper  bulb  is  covered  with  a 
bit  of  muslin.  When  an  observation  is  to  be 
made,  the  liquid  is  all  transferred  to  the  lower 
bulb,  and  ether  dropped  upon  the  vipper  one, 
until  by  the  cooling  effects  of  evaporation  a 
distillation  of  the  contained  liquid  takes  place 
from  one  part  of  the  apparatus  to  the  other,  by( 
which  such  a  reduction  of  temperature  of  the 
ether  is  brought  about,  that  dew  is  deposited  on 
the  outside  of  the  bulb,  which  is  made  of  black 
glass  in  order  that  it  may  be  more  easily  seen. 
The  difference  of  temperatui-e  indicated  by  the  two  thermometers  is 
tlien  read  off. 

CAPACITY  FOR  HEAT  ;  SPECIFIC  HEAT. 

It  is  a  very  remarkable  fact  that  equal  weights  of  different  sub- 
stances having  the  same  temperature  require  "different  amounts  of 
heat  to  raise  them  to  a  given  degree  of  temperature  If  1  lb  of 
water,  at  100°  (37°-7C),  be  mixed  with  1  lb.  at  40°  (4°-4C),  as  is 
well  known,  a  mean  temperature  of  ^Q^+^Q  _  790  (21°-1C) 
is  obtained.    In  the  same  way  the  mean  temperature  is  found  when 


52 


HEAT. 


warm  and  cold  oil,  or  warm  and  cold  mercury,  &c.,  are  mixed  together. 
But  if  1  lb.  of  water  at  100°  be  mixed  with  1  lb.  of  olive-oil  at  40°, 
or  with  1  lb.  of  mercury  at  40°,  instead  of  the  mean  temperature 
of  70°,  in  the  one  case  80°  (26°-6C),  iu  the  other  case  98°  (36°-7C), 
will  be  obtained  :  20  degrees  of  heat  which  the  water  (hv  cooling  from 
100°  to  80°)  gave  to  the  same  weight  of  oil,  were  sufficient  to  raise 
the  oil  40°,  that  is  from  40°  to  80°,  and  2°  which  the  water  lost  by 
cooling  fi-om  100°  to  98°,  sufficed  to  heat  an  equal  quantity  of 
mercury  58°,  namely,  from  40°  to  98°. 

It  is  evident  from  these  experiments,  that  the  quantities  of  heat 
which  equal  weights  of  water,  olive  oil,  and  mercury,  require  to  raise 
their  temperature  to  the  same  height,  are  unequal,  and  that  they  are 
in  the  proportion  of  the  numbers  1 :  |2 :  ^. 

That  quantity  of  heat  which  is  necessary  to  raise  the  unit  of  weight 
of  any  substance  one  degree  is  called  the  capacity  for  heat ;  and  those 
numbers  which  express  the  relation  of  the  different  capacities  for 
heat  of  different  bodies  are  called  the  specific  heat.  Thus  the  specific 
heat  of  oil  is  =  5-,  when  that  of  water  =  1.  The  specific  heat  of 
mercury  is  about  —  Jg  that  of  water.  There  are  three  distinct 
methods  by  which  the  specific  heat  of  various  substances  may  be  esti- 
mated. The  first  of  these  is  by  observing  the  quantity  of  ice  melted 
by  a  given  weight  of  the  substance  heated  to  a  particular  temperature  ; 
the  second  is  by  noting  the  time  which  the  heated  body  requires  to 
cool  down  through  a  certain  number  of  degrees;  and  the  third  is 
the  method  of  mixtiu-e,  on  the  principle  illustrated :  this  latter 
method  is  preferred  as  the  most  accurate. 

The  determination  of  the  specific  heat  of  different  substances  has 
occupied  the  attention  of  many  experimenters ;  among  these  MJI. 
Dulong  and  Petit,  and  I'ecently  M.  Regnault,  deserve  especial  mention. 

From  the  observations  of  these  and  other  physicists,  it  follows  that 
each  body  has  its  peculiar  capacity  for  heat,  and  that  it  increases  with 
the  increase  of  temperature.  If,  for  example,  the  heat  which  the  unit 
of  water  loses  by  cooling  from  50°  (10°C),  to  32°  (0°C),  be  marked 
at  18,  then  the  loss  by  cooling  from  122°  (50°C),  tp  32°  will  be  not  90, 
corresponding  to  the  difference  of  temperature,  but  90-16.  By  cool- 
ing from  212°  (100°C)  to  32°  it  is  180-90,  and  rises  to  365-7U, 
when  the  water  is  heated  under  great  pressure  to  392°  (200°C),  and 
afterwards  cooled  to  32°.  Similar  and  even  more  striking  dilferenees 
have  been  found  with  other  substances.  It  has  also  been  proved  that 
the  capacity  for  heat  of  any  substance  is  greater  in  its  liquid  than  in 
its  solid  state.  For  example,  the  specific  heat  of  ice  is  0-504,  that  is 
not  more  than  half  as  great  as  that  of  liquid  water. 

It  is  remarkable  that  the  capacity  for  heat  of  water  is  greater  than 
that  of  most  other  bodies.  The  capacity  for  heat  of  the  soUd  parts  of 
the  crust  of  the  globe  is  on  an  average  J,  and  that  of  the  atmosphere 
is  a  little  more  than  J  that  of  water. 

If  the  specific  heat  of  any  body  within  certain  degrees  of  tempera- 
ture be  accurately  known,  then  from  the  quantity  of  heat  which  this 
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body  gives  out,  when  quickly  dijiped  into  cold  water,  the  temperature 
to  which  the  body  was  heated  may  be  determined.  Pouillet  has 
founded  on  this  fact,  a  method  of  measuring  high  temperatures,  and  for 
this  purpose,  with  the  help  of  the  air-thermometei",  he  has  determined 
the  specific  heat  of  platinum  up  to  2912°  (1600»C). 

The  determination  of  the  specific  heat  of  gases  is  attended  with  pecu- 
liar difficulties  on  account  of  the  comparatively  large  volume  of  small 
weights  of  gases.  Satisfactory  results  have,  however,  been  obtained  by 
the  method  of  mi-^ing  for  the  following  gases. 


SPECIFIC  HEAT  AT  30 

Of  equal  volumes. 

Atmospheric  air  .  1 
Oxygen  .  .  1 
Hydrogen  .  .  1 
Nitrogen  .  .  1 
Carbonic  oxide  .  1 
Protoxide  of  nitrogen  1*227 
Carbonic  acid  .  1*249 
defiant  gas  .  1'754 

Aqueous  vapour    .  1"960 
For  the  comparison  of  the  specific 
of  water  we  are  indebted  to  Count 
the  specific  heat  of  the  various  gases 
and  Kesrnault.* 


INCHES  PRESSCTRE. 

Of  equal  weights. 
Air  -  1    Water  =  1 
1       .      .  0-2669 

0-  9069      .  0-2421 
14-5349      .  3-8793 

1-  0318  .  0-2754 
1-0267  .  .  0-2740 
0-8035     .  0-2145 

0-  8195      ,  0-2187 

1-  7891  .  0-4777 
3-1360      ,  0-8370 

heat  of  atmospheric  air  with  that 
Rumford ;  for  the  comparison  of 
to  Delaroche  and  Berard,  Dulons: 


•  Eegnault's  recent  researches  confirm  the  statement  that  equal  volumes 
at  the  same  pressure  of  the  elementary  gases,  oxygen,  nitrogen,  and  hych-ogen, 
possess  the  same  specific  heat.  The  numbers  found  for  chlorine  and  bromine, 
however,  sliow  that  the  law  does  not  hold  good  for  all  the  elementaiy  gases. 
The  following  are  Regnault  s  results  : — 

SPECIFIC  HEAT  AT  30  INCHES  PRESSURE. 


Atmospheric  air  , 
Oxygen 
Nitrogen  . 
Hydrogen 
Chlorine 
Bromine  vapour 
Carbonic  oxide  . 
Carbonic  acid 
Protoxide  of  nitrogen 
Binoxide  of  nitrogen 
Olefiant  gas 
Marsh  gas 
Aqueous  vapour 
Sulphuretted  hydrogen 
Suljihurous  acid 
Bisulphide  of  carbon 
Hydrocliloric  acid 
Ammonia 


For  equal  volumes.      For  equal  weights 
AVater  =  I 


0-2377  . 

.  0-2377 

0-2412 

0-2182 

0-2370  . 

.  0-2440 

0-2356 

0-4046 

0-2962  . 

.  0-1214 

0-2992 

0-0552 

0-2399  . 

.,  0-2479 

0-3308 

0-2164 

0-3413  . 

.  0-2238 

0-2406 

0-2315 

0-3277  . 

.  0-5929 

0-3572 

0-3694 

0-2950  . 

.  0-4750 

0-2886 

0-2-123 

0-3489  . 

.  0-1553 

0-4146 

0-1575 

0-2302  . 

.  0-1845 

0-2994 

0-5080 
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Whenever  a  gas  expands,  heat  becomes  thereby  latent.  Hence  the 
amount  of  heat  required  to  raise  a  gas  to  a  certain  temperature 
increases  the  more  we  allow  it  to  expand.  Dulong  has  found  that  if 
the  amount  of  heat  required  to  raise  the  temperatuj-e  of  a  volume  of 
gas  (observed  at  the  melting-point  of  ice,  and  at  a  pressure  of  30 
inches)  to  a  given  height  without  its  volume  undergoing  any  change, 
be  represented  by  1,  then  if  the  gas  be  allowed  to  expand  until  the 
priipsure  is  reduced  again  to  30  inches  whilst  the  high  temperature  is 
kept  up,  the  additional  amount  of  heat  which  is  required  for  this  pur- 
pose is,  for  oxygen,  hydrogen,  or  nitrogen  0-421  ;  for  carbonic  acid 
0'423  ;  for  binoxide  of  nitrogen  0-345  ;  and  for  defiant  gas  0-240. 

If  there  be  no  som-ce  of  heat  from  which  this  additional  quantity 
can  be  obtained,  then  the  gas  is  cooled  during  expansion,  a  portion  of 
the  free  heat  becoming  latent.  On  the  other  hand,  if  a  gas  be  com- 
pressed, this  latent  heat  becomes  free,  and  causes  an  elevation  of  tem- 
perature, which,  under  favourable  circumstances,  may  be  raised  to 
ignition  ;  syringes  by  which  tinder  is  kindled  are  constructed  on  this 
principle.  In  the  upper  regions  of  the  atmosphere  the  cold  is  intense  ; 
snow  covers  the  highest  mountain-tops  even  within  the  tropics,  and 
this  is  due  to  the  increased  capacity  for  heat  of  the  expanded  air. 

MM.  Dulong  and  Petit  observed  in  the  course  of  their  investigation 
a  most  remarkable  circumstance.  If  the  specific  heats  of  bodies  be 
computed  upon  equal  weights,  numbers  are  obtained  all  different,  and 
exhibiting  no  simple  relations  among  themselves ;  but  if,  instead  of 
equal  weights,  quantities  be  taken  in  the  proportion  of  the  chemical 
equivalents,  an  almost  perfect  coincidence  in  the  numbers  will  be 
observed,  showing  that  some  exceedingly  intimate  connexion  must  exist 
between  the  relations  of  bodies  to  heat  and  their  chemical  nature  ;  and 
when  the  circumstance  is  taken  into  view,  that  relations  of  even  a  still 
closer  kind  link  together  chemical  and  electrical  phenomena,  it  is  not 
too  much  to  expect  that  ere  long  some  law  may  be  discovered  far  more 
general  than  any  with  which  we  are  yet  acquainted. 

The  following  table  is  extracted  from  the  memoirs  of  M.  Regnault, 
with  whose  results  most  of  the  experiments  of  Dulong  and  Petit 
closely  coincide. 


Substances. 

Specific  heat  of 

Specific  heat  of 

equal  weights. 

equivalent  weight 

Water  . 

1-00000 

Oil  of  Turpentine 

.  0-42593 

Glass 

0-19768 

Iron 

,    0-11379  . 

.  3-0928 

Zinc 

0-09555 

3-0872 

Copper 

.    0-09515  . 

.  3-0172 

Lead 

0-03140 

3-2581 

Tin  . 

.    0-05623  . 

.  3-3121 

Nickel  . 

0-10863 

3-2176 
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Specific  heat  of 
equivalent  weights. 

.    3  1628 
3 •2054 
.  3-2657 
3-7128 
.  6*1742 
6  1326 
.  6-5615 
6-4623 
.  6-8462 
2-1917 

Of  the  niimbei-s  in  the  second  column,  the  first  ten  approximate  far 
too  closely  to  each  other  to  be  tlie  result  of  mere  accidental  coinci- 
dence; the  five  that  follow  are  very  nearly  twice  as  great;  and  the 
last  is  one-third  less. 

Independently  of  experimental  errors,  there  are  many  circumstances 
which  tend  to  show,  that,  if  all  modifying  causes  could  be  compensated, 
or  their  effects  allowed  for,  the  law  might  be  rigorously  true. 

The  observations  thus  made  upon  elementary  substances  have  been 
extended  by  M.  Eegnault  to  a  long  series  of  compounds,  and  the  same 
curious  law  found,  with  the  above  limitations,  to  prevail  throughout, 
save  in  a  few  isolated  cases,  of  which  an  explanation  can  perhaps  be 
given. 

Except  in  the  case  of  certain  metallic  alloys,  where  the  specific  heats 
were  the  mean  of  those  of  their  constituent  metals,  no  obvious  rela- 
tion can  be  traced  between  the  specific  heat  of  the  compound  body  and 
of  its  components.  The  most  general  expression  of  the  facts  that  can 
be  given  is  the  following  : — 

In  bodies  of  similar  chemical  constitution,  the  specific  heats  are  in 
an  inverse  ratio  to  the  equivalent  weights,  or  to  a  nuiltiple  or  submiil- 
tiple  of  the  latter. — Simple  as  well  as  compound  bodies  will  be  com- 
prehended in  this  law.* 

SOURCES  OF  HEAT. 

The  first  and  greatest  source  of  heat,  compared  with  which  all  others 
are  totally  insignificant,  is  the  sun.  The  luminous  rays  are  accom- 
panied by  rays  of  a  heating  nature,  which,  striking  against  the  surface 
of  the  earth,  elevate  its  temperature :  this  heat  is  communicated  to 
the  air  by  convection,  as  already  described,  air  and  gases  in  general 
not  being  sensibly  heated  by  the  passage  of  the  rays. 

A  second  source  of  heat  is  supposed  to  exist  in  the  interior  of  the 
earth.  It  has  been  observed,  that  in  sinking  mine-shafts,  boring  for 
water,  &c.,  the  temperature  rises  in  descending  at  the  rate,  it  is  said, 

*  Ann.  Chim.  et  Phys.  Ixxiii.  5  ;  and  the  same,  3rd  series,  i.  129. 


Suhstances. 

Cobalt 

Platinum 

Sulphur 

Mercury. 

Silver 

Arsenic  . 

Antimony 

Gold  .  . 

Iodine 

Bismuth. 


Specific  heat  of 
equal  weights. 

0-10696  , 
0-03243 
0-20259  . 
0- 03332 
d-05701  . 
0-08140 
0-05077 
0-03244 
,    0-05412  , 
.  0-03084 
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of  about  1°  (foC)  for  every  45  feet,  or  117°  (65°C)  pei-  mile.  On 
the  supposition  that  the  rise  continues  at  the  same  rate,  at  the  depth  of 
less  than  two  miles  the  earth  would  have  the  temperature  of  boiling 
water;  at  nine  miles  it  would  be  red  hot;  and  at  30  or  40  miles 
depth,  all  known  substances  would  be  in  a  state  of  fusion.* 

According  to  this  idea,  the  earth  must  be  looked  upon  as  an  intensely- 
heated,  fluid  spheroid,  covered  with  a  crust  of  solid  badly-conducting 
matter,  cooled  by  radiation  into  space,  and  bearing  somewhat  the  same 
proportion  in  thickness  to  the  ignited  liquid  within,  that  the  shell  of 
an  egg  does  to  its  fluid  contents.  Without  venturing  to  offer  any 
opinion  on  this  theory,  it  may  be  suflicient  to  observe  that  it  is  not 
positively  at  variance  with  any  known-  fact ;  that  the  figure  of  the 
earth  is  really  such  as  would  be  assumed  by  a  fluid  mass ;  and,  lastly, 
that  it  offers  the  best  explanation  we  have  of  the  phenomena  of  hot 
springs  and  volcanic  eruptions,  and  agrees  with  the  chemical  natui'e  of 
their  products. 

The  smaller,  and  what  may  be  called  secondary,  sources  of  heat,  are 
very  numerous  :  they  may  be  divided,  for  the  present,  into  two  groups, 
mechanical  motion  and  chemical  combination.  To  the  first  must  be 
referred  elevation  of  temperature  by  friction  and  blows ;  and  to  the 
second,  the  effects  of  combustion  and  animal  respiration.  With  regard 
to  the  heat  developed  by  friction,  it  appears  to  be  indefinite  in  amount, 
and  principally  dependent  upon  the  nature  of  the  rubbing  surfaces. 
An  experiment  of  Count  Rumford  is  on  record,  in  which  the  heat 
developed  by  the  boring  of  a  brass  cannon  was  sufficient  to  ■bring 
to  the  boiling-point  two  and  a  lialf  gallons  of  water,  while  the  dust 
or  shavings  of  metal,  cut  by  the  borer,  weighed  a  few  ounces  only. 
Sir  H.  Davy  melted  two  pieces  of  ice  by  rubbing  them  together  in 
vacuo  at  32°  (0°C)  ;  and  uncivilized  men,  in  various  parts  of  the  world, 
have  long  been  known  to  obtain  fire  by  rubbing  together  two  pieces 
of  dry  wood.  The  origin  of  the  heat  in  these  cases  is  by  no  means 
intelligible. 

Malleable  metals,  as  iron  and  copper,  which  become  heated  by  ham- 
mering or  powerful  pressure,  are  found  thereby  to  have  their  density 
sensibly  increased  and  their  capacity  for  heat  diminished  ;  the  rise  of 
temperature  is  thus  in  some  measure  explained.  A  soft  iron  nail  may 
be  made  red-hot  by  a  few  dexterous  blows  on  an  anvil ;  but  the  expe- 
riment cannot  be  repeated  until  the  metal  has  been  annealed,  and  in 
that  manner  restored  to  its  original  physical  state. 

The  disengagement  of  heat  in  the  act  of  combination  is  a  phenome- 
non of  the  utmost  generality.    The  quantity  of  heat  given  out  in  each 

*  The  new  Artesian  well  at  Grenelle,  near  Taris,  has  a  depth  of  l'(94-5 
English  feet :  it  is  bored  through  the  chalk  basin  to  the  sand  beneath ;  the 
worlt  occupied  seven  years  and  two  months.  The  temperature  of  the  water, 
which  is  exceedingly  abundant,  is  82°  (270-7C);  the  mean  temperature  of 
Paris  is  51°  (10°-5C);  the  difference  is  ai"  (17° -20),  which  gives  a  rate  of  about 
1 0  (^oQ)  for  58  feet. 
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particular  case  is  in  all  probability  fixed  and  definite  ;  its  intensity  is 
dependent  u})on  the  time  over  which  the  action  is  extended.  Science 
has  already  been  enriched  by  many  admirable,  although  yet  incom- 
plete, researches  on  this  important  but  most  difficult  subject. 

It  is  not  improbable  that  many  of  the  phenomena  of  heat,  classed  at 
present  under  different  heads,  may  hereafter  be  referred  to  one  com- 
mon cause,  namely,  alterations  in  the  capacity  for  heat  of  the  same 
body  under  different  physical  conditions.  For  example,  the  definite 
absorption  and  ev,olution  of  sensible  heat  attending  change  of  state 
may  be  simply  due  to  the  increased  capacity  for  heat,  to  a  fixed  and 
definite  amount,  of  the  liquid  over  the  solid,  and  the  vapour  over  the 
liquid.  The  experimental  proof  of  the  facts  is  yet  generally  wanting  : 
in  the  very  important  case  of  water,  however,  the  decidedly  inferior 
capacity  for  heat  of  ice  compared  with  that  of  liquid  water  seems  f'ullj' 
proved  fi-om  experiments  on  record. 

The  heat  of  combination  might,  perhaps,  in  like  manner,  be  traced 
to  condensation  of  volume,  and  the  diminution  of  capacity  for  heat 
which  almost  invariably  attends  condensation.  The  proof  of  the  pro- 
position in  numerous  cases  would  be  within  the  reach  of  comparatively 
easy  experimental  inquiry. 
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LIGHT. 

The  subject  of  light  is  so  little  connected  witli  elementary  chemistiy, 
that  a  very  slight  notice  of  some  of  the  most  important  points  will 
suffice. 

Two  views  hare  been  entertained  respecting  the  nature  of  light. 
Sir  Isaac  Newton  imagined  that  luminous  bodies  emit,  or  shoot  out, 
infinitely  small  particles  in  straight  lines,  which,  by  penetrating  the 
transparent  part  of  the  eye  and  falling  upon  the  nervous  tissue,  pi'O- 
duced  vision.  Othnr  philosophers  drew  a  paiallel  between  the  pro- 
perties of  light  and  those  of  sound,  and  considered  that,  as  sound  is 
certainly  the  effect  of  undulations,  or  little  waves,  propagated  through 
elastic  bodies  in  all  directions,  so  light  might  be  nothing  more  than 
the  consequence  of  similar  undulations  transmitted  with  inconceivable 
velocity  through  a  highly-elastic  medium,  of  excessive  tenuity,  filling 
all  space,  and  occupying  the  intervals  between  the  particles  of  material 
substances,  to  which  they  gave  the  name  of  ether.  The  wave-hypo- 
thesis of  light  is  at  present  more  in  favour,  as  it  serves  to  explain 
certain  singular  phenomena,  discovered  since  the  time  of  Newton, 
with  greater  facility  than  the  other. 

A  ray  of  light  emitted  from  a  luminous  body  proceeds  in  a  straight 
line,  and  with  extreme  velocity.  Certain  astronomical  observations 
aftbrd  the  means  of  approximating  to  a  knowledge  of  this  velocity. 
The  satellites  of  Jupiter  revolve  about  the  planet  in  the  same  manner 
as  the  moon  about  the  earth,  and  the  time  required  by  each  satellite 
for  the  pui-pose  is  exactly  known  from  its  periodical  entry  into  or  exit 
fi-om  the  shadow  of  the  planet.  The  time  required  by  one  is  only  42 
hours.  Romer,  the  astronomer,  at  Copenhagen,  found"  that  this  period 
appeared  to  be  longer  when  the  earth,  in  its  passage  round  the  sun, 
moved  from  the  planet  Jupiter ;  and,  on  the  contrary,  he  observed 
tliat  the  periodic  time  appeared  to  be  shorter  when  the  earth  moved 
in  the  direction  towards  Jupiter.  The  difference,  though  very  small 
for  a  single  revolution  of  the  satellite,  by  the  addition  of  many,  so 
increases,"  during  the  passage  of  the  earth,  from  its  nearest  to  ite 
greatest  distance  from  Jupiter,  that  is,  in  about  half  a  year,  that  it 
amounts  to  16  minutes  and  16  seconds.  Romer  concluded  from  this, 
that  the  light  of  the  sun,  reflected  from  the  satellite,  required  that  time 
to  pass  through  a  distance  eqiial  to  the  diameter  of  the  orbit  of  the 
earth ;  and  since  this  space  is  little  short  of  200  millions  of  miles,  the 
velocity  of  light  cannot  be  less  than  200,000  miles  in  a  second  of  time. 
It  will  be  seen  hereafter  that  this  rapidity  of  transmission  is  rivalled 
by  that  of  the  electrical  agent. 

When  a  ray  of  light  falls  on  a  plane  surface  it  may  be  disposed  of 
in  three  ways  ;  more  or  less  is  absorbed  and  so  disappears,  the  rest  is 
either  wholly  or  partly  reflected,  and  partly  transmitted.   Those  bodies 
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which  absorb  nearly  all  the  rays  of  light  falling  on  them  appear  black. 
Those  which,  like  glass  or  water,  allow  the  greater  part  to  pass  through 
are  called  transparent.  The  reflected  light  may  be  reflected  diffusely 
or  regularly.  Those  bodies  which  reflect  regularly  the  greater  part  of 
the  light  possess  lustre  like  polished  bodies;  the  perception  of  bodies 
depends  on  the  diS'used  reflected  light. 

The  law  of  regular  reflection  is  extremely  simple.  If  a  line  be  drawn 
perpendicular  to  the  surface  upon  which  the  ray  falls,  and  the  angle 
contained  between  the  ray  and  the  perpendicular  measured,  it  will  be 
found  that  the  ray,  after  reflection,  takes  such  a  course  as  to  make  with 
the  perpendicular  an  equal  angle  on 
the  opposite  side  of  the  latter.  A 
ray  of  light,  R,  falling  at  the  point 
p,  will  be  reflected  in  the  direction 
pr',  making  the  angle  r'pp'  equal 
to  the  augle  Rpp' ;  or  a  ray  from  the 
point  !■  falling  upon  the  same  spot 
will  be  reflected  to  r  in  virtue  of 
the  same  law.  Farther,  it  is  to  be 
observed,  that  the  incident  and  re- 
flected rays  ai'e  always  contained 
in  the  same  vertical  plane. 

The  same  rule  holds  good  if  the  mirror  be  curved,  as  a  portion  of  a 
sphere,  the  curve  being  considered  as  made  up  of  a  multitude  of  little 
planes.  Parallel  rays  become  permanently  altered  in  direction  when 
reflected  from  curved  surfaces,  becoming  divergent  or  convergent 
according  to  the  kind  of  curvature. 

It  has  just  been  stated  that  light  passes  in  straight  lines  ;  but  this 
is  only  true  so  long  as  the  medium  through  which  it  travels  preserves 
the  same  density  and  the  same  chemical  nature  ;  when  this  ceases  to 
be  the  case,  the  ray  of  light  is  bent  from  its  course  into  a  new  one,  or, 
in  optical  language,  is  said  to  be  refracted. 
Let  R  be  a  ray  of  light  foiling 

upon  a  plate  of  some  transparent 

substance  with*  parallel  sides,  such 

as  a  piece  of  thick  plate  glass ; 

and  A  its  point  of  contact  with  the 

upper  surface.    The  ray,  instead  of 

holding  a  straight  course  and  pass- 
ing into  the  glass  in  the  direction 

A  B,  will  be  bent  downwards  to 

C ;  and,  on  leaving  the  glass,  and 

issuing  into  the  air  on  the  other 

side,  it  will  again  be  bent,  but 

in  the  opposite  direction,  so  as  to 

make  it  parallel  to  the  continuation 

of  its  former  track.    The  general 


Fig.  41. 
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law  is  thus  expressed ; — When  the  ray  passes  from  a  i-arc  to  a  denseV 
medium,  it  is  usually  refracted  towards  a  line  pei-pondicular  to  the 
surface  of  the  latter  ;  and  conversely,  when  it  leaves  a  dense  medium 
for  a  rarer  one,  it  is  refracted /ro?7i  a  line  perpendicular  to  the  surface 
of  the  denser  substance  :  in  the  foiToer  case  the  angle  of  incidence  is  said 
to  be  greater  than  that  of  refraction ;  in  the  latter,  it  is  said  to  be  less. 

The  amount  of  refraction,  for  the  same  medium,  varies  with  the 
obliquity  with  which  the  ray  strikes  the  surface.  Wlien  perpendicular 
to  the  latter,  it  passes  without  change  of  direction  at  all;  and  iu  other 
positions,  the  refraction  increases  with  the  obliquity. 

Let  E  represent  a  ray  of  light 
falling  upon  the  surface  of  a  mass 
of  plate  glass  at  the  point  A.  From 
this  point  let  a  perpendicular  be 
raised  and  continued  into  the  new 
medium, and  around  the  same  point, 
as  a  centre,  let  a  circle  be  drawn. 
According  to  the  law  just  stated, 
the  refraction  must  be  towards  the 
perpendicular  ;  iu  the  direction  ar' 
for  example.  Let  the  line  a — a, 
a' — a',  at  right  angles  to  the  per- 
pendicular, be  drawn,  and  their 
length  compared  by  means  of  a 
scale  of  equal  parts,  and  noted ; 
their  length  will  be  in  the  case  supposed  in  the  proportion  of  3  to  2. 
These  lines  are  termed  the  sines  of  the  angles  of  incidence  and  refrac- 
tion respectively. 

Now  let  another  ray  be  taken,  such  as  r ;  it  is  refracted  in  the 
same  manner  to  r',  the  bending  being  greater  from  the  increased  obli- 
quity of  the  ray;  but  what  is  very  remarkable,  if  the  sines  of  the  two 
new  angles  of  incidence  and  refraction  be  again  compared,  they  will 
still  be  found  to  bear  to  each  other  the  proportion  of  3  to  2.  The  fact 
Ls  expressed  by  saying,  that  the  7-atio  of  the  sines  of  the  angles  of  inci- 
dence and  refraction  is  constant  for  the  same  medium,  i 

The  plane  of  refi'action  coincides  moreover  with  that  of  incidence. 
Diffei-ent  bodies  possess  different  refractive  powers  ;  generally  speak- 
ing, the  densest  substances  refract  most.  Combustible  bodies  have 
been  noticed  to  possess  greater  refractive  power  than  their  density 
would  indicate,  and  from  this  observation  Sir  I.  Newton  predicted  the 
combustible  nature  of  the  diamond  long  before  anything  was  known 
respecting  its  chemical  nature. 

The  method  adopted  for  describing  the  comparative  refractive  powers 
of  different  bodies  is  to  state  the  I'atio  borne  by  the  sine  of  tlie  angle 
of  refraction  to  that  of  incidence,  making  the  former  unity  :  this  is 
called  the  index  of  refraction  for  the  substance.  Thus,  in  the  case  of 
glass  the  index  of  refraction  will  be  1*5.    When  this  is  once  known 
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for  any  particular  transparent  body,  the  effect  of  the  latter  upon  a  ray 
of  light  entering  it,  in  any  position,  can  be  calculated  by  the  aid  of 
the  law  of  sines. 


Index  of  refraction, 


Substances. 


Index  of  refraction. 


1 

10 

Garnet     .        .  1 

•80 

.  1 

.■50 

Glass,  with  much  oxide 

1 

•34 

of  lead      .        .  1 

•90 

.  1 

•40 

Zircon      .        .  2 

00 

1 

50 

Pliosphorus   .        .  2 

•20 

.  1 

60 

Diamond  .        .  2 

•50 

1 

69 

Chromate  of  lead    .  3 

•00 

.  1 

70 

Substances. 
Taba  sheer  *  . 
Ice . 
Water  . 
Fluor  spar 
Plate  glass  . 
Rock  crystal 
Chrysolite 

Bisulphide  of  carbon 

When  a  luminous  ray  enters  a  mass  of  substance  differing  in  refrac- 
tive power  from  the  air,  and  whose  .surfaces  are  not  parallel,  it  becomes 
permanently  deflected  from  its  course  and  altered  in  its  direction.  It 
is  upon  this  principle  that  the  properties  of  prisms  and  lenses  depend. 
To  take  an  example. — Let  the 
sketch  represent  a  triangular  prism  Fw- 
of  glass,  upon  the  side  of  which  the 
ray  of  light  R  may  be  supposed  to 
fall.  This  ray  will  of  course  be 
refracted  in  entering  the  glass 
towai-ds  a  line  perpendicular  to  the 
first  surface,  and  again,  from  a  line 

perpendicular  to  the  second  surface  on  emerging  into  the  air. 
result  will  be  a  total  change  in  the  direction  of  the  ray. 

A  convex  lens  is  thus  enabled  to  converge  rays  of  light  falling  upon 
it,  and  a  concave  lens  to  separate  them  more  widely ;  each  separate 
part  of  the  surface  of  the  lens  producing  its  own  independent  effect. 

The  light  of  the  sun  and  celestial  bodies  in  general,  as  well  as  that 
of  the  electric  spark  and  of  all  ordinary  flames,  is  of  a  compoimd 
nature.  If  a  ray  of  light  from  any  of  the  sources  mentioned  be 
admitted  into  a  dark  room  by  a  small  hole  in  a  shutter,  or  otherwise 
and  suffered  to  fall  upon  a  glass  prism  in  the  manner  described  above 


The 


it  will  not  only  be  refracted  from  its  straight  course,  but  will  be 
decomposed  into  a  number  of  coloured  rays,  which  may  be  received 
*  A  siliceous  deposit  in  the  joints  of  the  bamboo. 
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upon  a  white  screen  placed  beliind  the  prism.  Wlien  solar  light  is 
employed,  the  colours  are  e.xtremely  brilliant,  and  spread  into  an 
oblong  space  of  considerable  length.  The  upper  part  of  this  image  or 
spectrum  will  be  violet  and  the  lower  red,  the  intennediate  portion, 
commencing  from  the  violet,  being  indigo,  blue,  green,  yellow,  and 
orange,  all  graduating  imperceptibly  into  each  other.  This  is  the 
celebrated  experiment  of  Sii'  I.  Newton;  and  from  it  he  drew  the 
inference  that  white  light  is  composed  of  seven  primitive  colours,  the 
rays  of  which  are  diflerently  refi'angible  by  the  same  medium,  and 
hence  capable  of  being  thus  separated.  The  violet  rays  are  most 
refrangible,  and  the  red  rays  least. 

Sir  D.  Brewster  is  disposed  to  think,  that  out  of  Newton's  seven 
primitive  colours  four  are  really  compound,  and  formed  by  the  super- 
position of  the  three  remaining,  namely,  blue,  yellow,  and  red,  which 
alone  deserve  the  name  of  primitive.  Wluen  these  tlu-ee  kinds  of  rays 
are  mixed,  or  superimposed,  in  a  certain  definite  manner,  they  produce 
white  light,  but  when  one  or  two  of  them  are  in  excess,  then  an  efiect 
of  colour  is  perceptible,  simple  in  the  first  case,  and  compound  in 
tlie  second.  Thei'e  are,  according  to  this  hypothesis,  rays  of  all 
refrangibilities  of  each  colour,  and  consequently  white  light  in  every 
part  of  the  specti'um,  but  then  they  are  imequally  distributed  ;  the 
blue  rays  are  more  numerous  near  the  top,  the  yellow  towards  the 
middle,  and  the  red  at  the  bottom,  the  excess  of  each  colour  pro- 
ducing its  characteristic  effect.  In  the  diagram  below,  the  intensity 
of  each  colour  is  represented  by  the  height  of  a  curve,  and  the  effects 
of  mixture  will  be  inteUigible  by  a  little  consideration. 

Fig.  46. 
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Bodies  of  the  same  mean  refractive  power  do  not  always  equally 
disperse  or  spread  out  the  differently-coloured  rays:  because  the 
principal  yellow  or  red  rays,  for  instance,  are  equally  refracted  by 
two  prisms  of  diff"erent  materials,  it  does  not  follow  that  the  blue 
or  the  violet  shall  be  similarly  aff'ected.  Hence,  prisms  of  different 
varieties  of  glass,  or  other  transparent  substances,  give,  under  similar 
circumstances,  very  diff'erent  spectra,  both  as  respects  the  length  ot 
the  image,  and  the  relative  extent  of  the  coloured  bands. 
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The  colours  of  natural  objects  are  supposed  to  result  from  the  power 
,  which  the  surfaces  of  the  bodies  possess  of  absorbing  some  of  the 
'  coloured  rays,  while  they  reflect  or  transmit,  as  the  case  may  be,  the 
remainder.    Thus,  an  object  appears  red  because  it  absorbs,  or  causes 
to  disappear,  a  portion  of  the  yellow  and  blue  rays  composing  the 
white  ligHl;by  which  it  is  illuminated. 

A  ray  of  common  light  made  to  pass  through  certain  crystals  of  a 
pai-ticulai-  order  is  found  to  undergo  a  very  remarkable  change.  It 
becomes  split  or  divided  into  two  rays,  one  of  which  follows  the 
general  law  of  refraction,  and  the  other  takes  a  new  and  extraordi- 
nary course,  dependent  on  the  position  of  the  crystal.  This  efiect, 
which  is  called  double  refraction,  is  beautifully  illustrated  in  the  case 
of  Iceland  spar,  or  crystallized  carbonate  of  lime.  On  placing  a 
rhomb  of  this  substance  on  apiece  of  white  paper,  on  which  a  mark  or 
line  has  been  made,  the  object  will  be  seen  double. 

Again,  if  a  ray  of  light  be  suftered  to  fall  upon  a  plate  of  glass  at 
an  angle  of  56°  45',  the  portion  of  the  ray  which  suffers  reflection  will 
be  found  to  have  acquired  properties  which  it  did  not  before  possess  ; 
for  on  throwing  it,  under  the  same  angle,  upon  a  second  glass  plate, 
it  will  be  observed  that  there  are  two  particular  positions  of  the 
latter  in  which  the  ray  ceases  to  be  reflected.  Light  which  has  suf- 
fered this  change  is  said  to  be  polarized. 

The  light  which  passes  through  the  first  Fio-  47. 

or  polarizing  plate  is,  also,  to  a  certain  e.x- 
tent,  in  this  peculiar  condition,  and  by 
employing  a  series  of  similar  plates,  held 
parallel  to  the  first,  this  effect  may  be 
greatly  increased ;  a  bundle  of  fifteen  or 
twenty  such  plates  may  be  used  with  great 
(■onvenience  for  the  experiment.  It  is  to 
be  remarked,  also,  that  the  light  polarized 
by  transmission  in  this  manner  is  in  an 
opposite  state  to  that  polarized  by  reflec- 
tion; that  is,  when  examined  by  a  second 
or  analyzing  plate,  held  at  the  angle  before 
mentioned,  it  will  be  seen  to  be  reflected 
when  the  other  disappears,  and  to  be  ab- 
sorbed when  the  first  is  reflected. 

It  is  not  every  substance  which  is  capable  of  polarizing  light  in 
this  manner;  glass,  water,  and  certain  other  bodies  bring  about  the 
diange  in  question,  eacli  having  a  particular  polarizing  angle  at 
'  which  the  effect  is  greatest.  The  metals  also  can,  by  reflection, 
polarize  the  light,  but  they  do  so  very  imperfectly.  Tlie  two  ravs 
into  which  a  pencil  of  common  light  divides  itself  in  passing  through  a 
doubly-refracting  crystal  are  found  on  examination  to  be  polarized  in 
a  veiy  complete  manner,  and  also  transversely,  the  one  being  capable 
of  reflection  when  the  other  vanishes.  It  is  said  that  both  rays  are 
polarized  in  opposite  directions.    With  a  rhomb  of  transparent  Iceland 
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spar  of  tolerably  large  dimensions  the  two  oppositely-polarized  rays 
may  be  widely  separated  and  examined  apart. 

Thei-e  is  yet  another  method  of  polarization,  by  the  employment  of 
plates  of  the  mineral  tourmaline  cut  parallel  to  the  axis  of  the  crystal. 
This  body  polar  izes  by  simple  transmission,  the  ray  falling  perpen- 
dicular to  its  surface ;  a  part  of  the  light  is  absorbed,  and  the  re- 
mainder modified  in  the  manner  described.  When  two  such  plates 
are  held  with  their  axes  parallel,  as  in  fig.  48,  light  traverses  them 
Fig.  48.  Fig.  49. 


both  freely;  but  when  one  of  them  is  turned  round  in  the  manner 
shown  in  the  second  cut,  so  as  to  make  the  axes  cross  at  right  angles, 
the  light  is  almost  wholly  stopped,  if  the  tourmalines  be  good.  A 
plate  of  the  mineral  thus  becomes  an  excellent  test  for  discriminating 
between  polarized  light  and  that  which  has  not  undergone  the  change. 

Some  of  the  most  splendid  phenomena  of  the  science  of  light  ai-e 
exhibited  when  thin  plates  of  doubly  refracting  substances  aie  inter- 
posed between  the  polarizing  arrangement  and  the  analyzer. 

Instead  of  the  toui'maline  plate,  which  is  always  colom'ed,  fre- 
quent use  is  made  of  two  Nichol's  prisms,  or  conjoined  prisms  of  car- 
bonate of  lime,  which,  in  consequence  of  a  peculiar  clotting  and  com- 
bination, possess  the  property  of  allowing  only  one  of  the  oppositely- 
polarized  rays  to  pass.  If  the  two  Nichol's  prisms  are  placed  one 
behind  the  other  in  precisely  similar  positions  the  light  polarized 
by  the  one  goes  through  the  other  unaltered.  But  when  one  prism 
is  slightly  turned  round  in  its  setting,  a  cloudiness  is  produced,  and 
by  continuing  to  turn  the  prism  this  increases  until  perfect  darkness 
ensues.  This  happens,  as  with  the  tourmaline  plates,  when  the 
two  prisms  cross  one  another.  The  phenomenon  is  the  same  \yith 
colourless  as  with  coloured  light. 

Supposing  that  polarized  light,  coloured,  for  example^  by  going 
through  a  plate  of  red  glass,  passed  through  the  first  Nichol's  prism, 
and  was  altogether  obstructed,  in  consequence  of  the  position  of  the 
second  prism,  then,  if  between  the  two  prisms  a  plate  of  rock-crystal, 
formed  by  a  section  at  right  angles  to  the  principal  axis  of  the 
crystal,  is  interposed,  the  light  polarized  by  the  first  prism  by 
passing  through  the  plate  of  quartz  is  enabled  partially  to  pass 
through  the  second  Nichol's  prism.  Its  passage  through  the  second 
prism  can  then  again  be  interrupted  by  turning  the  second  prism 
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round  to  a  certain  extent.  The  rotation  required  vai'ies  with  the 
thicloiess  of  the  plate  of  rock-crystal,  and  also  with  the  colour  of  the 
light  that  is  employed.  It  increases  from  red  m  the  following  order, 
green,  yellow,  blue,  violet. 

This  property  of  rock-crystal  was  discovered  by  Arago.  The  kind 
of  polai-ization  has  been  called  circular  polarization.  No  other  crystals 
ai-e  known  to  produce  the  same  effect.  The  direction  of  the  ro.tation 
is  with  many  plates  towards  the  right  hand;  in  other  plates  it  is 
towards  the  left.  The  one  class  is  said  to  possess  right-handed  po- 
larization ;  the  other  class  left-handed  polarization. 

Biot  observed  that  many  solutions  of  organic  substances  exhibit 
the  property  of  circular  polarization,  though  to  a  far  less  extent  than 
rock-crystal.  Thus,  solution  of  cane-sugar  and  tartaric  acid  possess 
right-handed  polarization,  whilst  albumen,  fruit-sugar,  and  oil  of 
turpentine  are  left-handed.  In  all  these  solutions  the  amount  of 
circular  polarization  increases  with  the  concentration  of  the  fluid  and 
the  thickness  of  the  column  of  liquid  through  which  the  light  passes. 
Hence  circular  polarization  is  an  important  auxiliary  in  chemical 
analysis.  In  order  to  determine  the  amount  of  polarization  which 
any  fluid  exliibits,  the  liquid  is  put  into  a  glass  tube  not  less  than 
from  ten  to  twelve  inches  long,  which  is  closed  with  glass  plates, 
one  of  which  should  be  coloured  red,  for  example.  This  is  then 
placed  between  the  two  Nichol's  prisms,  which  have  previously  been  so 
aiTanged  with  regard  to  each  other  that  no  light  could  pass  through. 
An  apparatus  of  this  description,  the  saccharometer,  is  chiefly  used  for 
determining  the  concentration  of  solutions  of  cane-sugar. 

The  form  of  this  instrument  may  be  seen  in  the  fig.  50.  The  two 
Nichol's  prisms  are  enclosed  in  the  corresponding  flistenings  a  and  6. 
Between  the  two  there  is  a  space  to  receive  the  tube  which  is  filled 
with  the  solution  of  sugar.  If  the  prisms  are  crossed  in  the  way 
mentioned  above  before  the  tube  is  put  in  its  place,  that  is,  if  they  ai-e 
placed  so  that  no  light  passes  them,  by  the  action  of  the  solution  of  sugar 
the  light  is  enabled  to  pass,  and  the  Nichol's  prism,  for  instance,  a 
must  be  turned  through  a  certain  angle  before  the  light  is  again  per- 
fectly stopped.  The  magnitude  of  this  angle  is  observed  on  the  circular 
disk  s  s,  which  is  divided  into  degrees,  and  upon  which,  by  the  turning 
of  the  prism,  an  index  a  is  moved  along  the  division.  When  the  tube 
is  exactly  10  inches  long,  and  is  closed  at  botli  ends  by  flat  glass 
plates,  one  of  wliich  has  a  pure  red  colour,  and  when  it  is  filled  with  a 
solution  containing  ten  per  cent,  by  weight  of  cane-sugar  and  free  from 
any  other  substance  possessing  an  action  on  light,  the  angle  of  rotation 
is  ]  3  •  35.  Since  the  magnitude  of  this  angle  stands  in  direct  relation 
to  the  length  of  the  column  of  fluid  and  also  to  the  quantity  of  sugar 
in  solution,  it  is  clear  that  the  quantity  of  sugar  in  any  given  solution, 
when  the  length  of  the  column  of  fluid  is  I  inches,  and  the  angle  of 

rotation  is  o  degrees,  can  be  determined  by  the  equation  z  =  ^L^- 
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This  process  is  not  sufficient  when  the  solution  contains  cane-sugar 
and  fruit-sugar,  for  the  latter  rotates  the  ray  to  the  left ;  then  only  the 
difference  of  the  two  actions  is  obtained.  But  if  the  whole  quantity 
of  sugar  be  changed  into  fruit-sugar,  and  the  experiment  be  repeated, 
from  tlie  results  of  the  two  observations  the  quantity  of  both  kinds  of 
sugar  can  easily  be  calculated.  It  is  difficult  to  find  exactly  that 
position  of  the  Nichol's  prisms  in  which  the  greatest  darkness  prevails. 
To  make  the  measurements  more  exact  and  easy,  Soleil  has  made  some 
additions  to  the  apparatus.  At  g  before  the  prism  6,  a  plate  of  rock- 
crystal  cut  at  right  angles  to  the  axis  is  placed.  It  is  divided  in  the 
centre  of  the  field  of  vision,  half  consisting  of  quartz,  I'otatiiigto  the  right 
hand,  and  half  of  the  variety  that  rotates  to  the  left ;  it  is  0"  148  inch 
(3"75  millimetre)  thick ;  this  thickness  being  found  by  experiment  to 
produce  the  greatest  difference  in  the  colour  of  tlie  two  halves, 
when  one  prism  is  slightly  rotated.  The  solution  of  sugar  has  precisely 
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tlie  same  action  as  the  rotation,  since  it  increases  the  action  of  the  halt 
vvliich  has  a  right-handed  rotation  and  lessens  the  action  of  the  half 
which  rotates  to  the  left.  Hence  the  two  halves  will  assume  a  different 
colour  when  the  smallest  quantity  of  sugar  is  present  in  the  fluid. 
By  slightly  turning  the  Nichol's  prism  a,  this  difference  can  be  again 
removed.  "  Soleil  has  introduced  another  more  delicate  means  of  effecting 
this  at  the  part  I,  which  he  calls  the  compensator.  The  most  important 
parts  of  this  are  separately  represented  in  fig.  50.  It  consists  of  two 
exactly  equal  right-angled  prisms,  of  left-lianded  quartz,  whose  surfaces, 
c'  and  c,  are  cut  perpendicular  to  the  optic  axis.  These  prisms  can,  by 
means  of  the  screw  v  and  a  rack  and  pinion,  be  made  to  slide  on  one 
another,  so  that,  when  taken  together,  they  form  a  plate  of  varying 
thickness,  bounded  by  parallel  surfaces.  One  of  the  frames  has  a  scale 
/,  the  other  a  vernier  n.  When  this  points  to  zero  of  the  scale  the 
optical  action  of  the  two  prisms  is  exactly  compensated  by  a  right- 
handed  plate  of  rock  crystal,  so  that  an  effect  is  obtained  as  regards 
circular  polarization,  as  if  the  whole  system  were  not  present.  As  soon, 
however,  as  the  screw  is  moved,  and  thus  the  thickness  of  the  plate 
formed  by  the  two  prisms  is  changed,  we  will  suppose  it  increased, 
then  a  left-handed  action  ensues  which  must  be  properly  regulated, 
until  it  compensates  the  opposite  action  of  a  solution  of  sugar. 
Thus  a  convenient  method  is  obtained  of  I'endering  the  colour  of  the 
double  plate  uniform,  when  it  has  ceased  to  be  so  in  consequence  of 
the  action  of  a  solution  of  sugar. 

Faraday  has  made  the  remarkable  discovery,  that  if  a  very  strong 
electric  current  is  passed  round  a  substance  which  possesses  the  pro- 
perty of  circular  polarization,  the  amount  of  rotation  is  altered  to  a 
considerable  degree. 

The  luminous  rays  of  the  sun  are  accompanied,  as  already  men- 
tioned, by  others  which  possess  heating  powers.  If  the  temj^erature 
of  the  different  coloured  spaces  in  the  spectrum  be  tried  with  a  deli- 
cate thermometer,  it  will  be  found  to  increase  from  the  violet  to  the 
red  extremity,  and  when  the  prism  is  of  some  particular  kinds  of  glass, 
the  greatest  effect  will  be  manifest  a  little  beyond  the  visible  red  rav. 
It  is  infei-red  from  this  that  the  chief  mass  of  the  heating  rays  of  the 
sun  are  among  the  least  refi-angible  components  of  the  solar  beam. 

Again,  it  has  long  been  known  that  chemical  changes  both  of  com- 
bination and  of  decomposition,  but  more  particulai'ly  the  latter,  could 
be  effected  by  the  action  of  light.  Chlorine  and  hydrogen  combine  at 
common  temperatures  only  under  the  influence  of  light,  and  parallel 
cases  occur  in  great  numbers  in  organic  chemistry :  the  blackening 
and  decomposition  of  salts  of  silver  are  familiar  instances  of  the  che- 
mical powers  of  the  same  agent.  Now  it  is  not  always  the  luminous 
part  of  the  ray  which  effects  these  changes ;  they  are  chiefly  produced 
by  certain  invisible  rays,  accompanying  the  others,  and  which 
are  found  most  abundantly  in,  and  even  beyond,  the  violet  part 
of  the  spectrum.    It  is  there  that  certain  chemical  effects  are  most 
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marked,  although  the  intensity  of  the  light  is  exceedingly  feeble. 
From  the  fact  that  some  salts  of  silver  are  less  readily  decomposed  by 
the  luminous — yellow,  orange,  and  red  rays — than  by  certain  rays 
which  extend  beyond  the  ordinary  visible  spectrum,  it  has  been  con- 
cluded that  there  exists  in  the  sunbeam,  in  addition  to  heat  and  light, 
a  principle  having  a  distinct  action,  to  which  the  provisional  term  ac- 
tinism has  been  given — from  aK-riv,  a  ray.  The  actinic  rays  are  thus 
directly  opposed  to  the  heating  rays  in  tl'ie  common  spectrum  in  their 
degree  of  refrangibility,  since  they  exceed  all  the  others  in  this 
respect.  The  luminous  rays,  too,  under  peculiar  conditions,  exert 
decomposing  powers  upon  salts  of  silver,  and  that  even  with  greater 
force  than  the  so-called  chemical  or  actinic  rays.  The  result  of  the 
action  of  any  ray  depends,  moreover,  greatly  on  the  physical  state 
of  the  surface  upon  which  it  falls,  and  on  the  chemical  con- 
stitution of  the  body  ;  indeed  for  every  kind  of  rays  a  substance  may 
be  found  which  under  particular  circumstances  will  aflect  it,  and  thus 
it  appears  that  the  chemical  functions  are  by  no  means  confined  to  any 
set  of  rays  to  the  exclusion  of  the  rest. 

Upon  the  chemical  changes  produced  by  light  is  based  the  art  of 
photography.  In  the  year  1802,*  Mr.  Thomas  Wedgwood  pui-poscd 
a  method  of  copying  paintings  on  glass  by  placing  behind  them  white 
paper  or  leather  moistened  with  a  solution  of  nitrate  of  silver,  which 
became  decomposed  and  blackened  by  the  transmitted  light  in  propor- 
tion to  the  intensity  of  the  latter  ;  and  Davy,  in  repeating  these  experi- 
ments, found  that  he  could  thus  obtain  tolerably  accurate  representa- 
tions of  objects  of  a  texture  partly  opaque  and  partly  transparent,  such 
as  leaves  and  the  wings  of  insects,  and  even  copy  with  a  certain  degree 
of  success  the  images  of  small  objects  obtained  by  the  solar  microscope. 
These  pictures  however,  required  to  be  kept  in  the  dark,  and  could 
only  be  examined  by  candle-light,  otherwise  they  became  obliterated  by 
the  blackening  of  the  whole  surface  from  which  the  salt  of  silver  could 
not  be  removed.  These  attempts  at  light-painting  attracted  but  little 
notice  till  the  publication  of  Mr.  Fox  Talbot's  f  papers,  read  before 
•the  Royal  Society,  in  January  and  February,  1839,  in  which  he 
detailed  two  methods  of  fixing  the  pictures  produced  by  the  action  of 
light  on  paper  impregnated  with  chloride  of  silver,  and  at  the  same 
time  described  a  plan  by  which  the  sensibility  of  the  prepared  paper 
may  be  increased  to  the  extent  required  for  receiving  impressions 
from  the  images  of  the  camera  obscura. 

Very  shortly  afterwards,  Sir  John  HerschelJ  proposed  to  employ 
solutions  of  the  alkaline  hyposulphites  for  removing  the  excess  of 
chloride  of  silver  from  the  paper,  and  thus  preventing  the  fai-tlier 
action  of  light,  and  this  plan  has  been  found  exceedingly  successful. 
The  greatest  improvement,  however,  which  the  curious  art  of  photo- 
genic drawing  has  received,  is  due  to  Mr.  Talbot, §  who,  in  a 

*  Journal  of  the  Royal  Institution,  i.  170. 
f  Phil.  Mag.  March,  1839.  J  Phil.  Trans,  for  1840,  p.  1. 

}  Phil.  Mag,  August,  1841. 
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communication  to  the  Royal  Society,  described  a  metliod  by  which 
paper  of  such  sensibility  could  be  prepared  as  to  permit  its  appli- 
cation to  the  taking  of  portraits  of  living  persons  by  the  aid  of  a 
good  camera  obscura,  the  time  required  for  a  perfect  impression  never 
exceeding  a  few  seconds.  The  general  plan  at  present  in  use  is  the 
following : — 

Writiug-paper  of  good  quality  is  washed  on  one  side  with  a  solution 
of  thirty  graias  of  nitrate  of  silver  in  an  ounce  of  distilled  water,  and 
then  left  to  dry  spontaneously  in  a  dark  room  ;  when  dry,  it  is  im- 
mersed for  from  five  to  ten  minutes,  in  a  solution  of  one  ounce  of 
iodide  of  potassium  in  twenty  ounces  of  water.  The  paper  is  then 
soaked  in  water  for  half  an  hour,  changing  the  water  three  or  four 
times  to  remove  the  excess  of  iodide  of  potassium,  and  is  then  dried. 
These  operations  should  be  performed  by  candle-light.  When  required 
for  use,  the  paper,  thus  coated  with  yellow  iodide  of  silver,  is  brushed 
over  with  a  solution  made  by  adding  together,  one  part  of  a  solution 
of  nitrate  of  silver  fifty  grains,  to  an  ounce  of  water ;  two  parts 
glacial  acetic  acid,  and  three  parts  of  a  saturated  solution  of  gallic 
acid ;  after  a  few  seconds  the  excess  is  removed  by  blotting-paper. 
This,  which  is  called  Tulbotype  or  Calotijpe  paper,  is  now  ready  for 
use ;  exposure  to  diffused  daylight  for  one  second  suffices  to  make  an 
impression  upon  it,  and  even  the  light  of  the  moon  produces  the  same 
effect,  although  a  much  longer  time  is  required.  For  landscapes  and 
fixed  objects,  and  when  the  paper  is  required  to  be  prepared  long  before- 
hand, the  above  mixture  of  "  gallo-niti-ate  "  should  be  diluted  with 
from  twenty  io  fifty  volumes  of  water,  since,  especiall}'  in  hot  weather, 
without  this  precaution  the  paper  blackens  spontaneously. 

The  images  of  the  camera  obscura  are  at  first  invisible,  but  are 
made  to  appear  in  full  intensity,  by  once  more  washing  the  paper 
with  a  mixtm-e  of  one  part  of  the  silver  solution  (fifty  grains  to  an 
ounce  of  water),  and  lour  parts  of  the  saturated  solution  of  gallic 
acid.  The  development  of  the  image  soon  commences,  and  should 
reach  its  maximum  in  a  few  minutes. 

The  picture  is  of  course  negative,  the  lights  and  shadows  being 
reversed  ;  to  obtain  posit  'we  copies  nothing  more  is  necessary  than  to 
place  a  piece  of  photographic  paper  prepared  with  chloride  of  silver,  or  a 
piece  of  talbotype  paper,  beneath  the  negative  cover,  to  press  the  two 
papers  in  contact  by  means  of  a  glass,  and  to  expose  the  whole  to  the 
light  of  the  sun  for  a  short  time,  or  longer  to  diffused  daylight. 

Before  this  can  be  done  the  negative  must,  however,  be  fixed, 
otherwise  it  will  blacken  :  this  is  done  temporarily  by  washing  with  a 
solution  of  bromide  of  potassium,  ten  grains  in  an  ounce  of  water,  and 
then  rinsing  in  common  water.  The  ultimate  fixing  is  effected  by 
immersion  in  a  solution  of  one  part  of  hyposulphite  of  soda,  in  from 
four  to  ten  parts  of  water:  the  weaker  solution  should  be  used 
hot,  about  180°  (8'2°-22C),  and  the  immersion  continued  until  the 
yellow  tint  arising  from  the  undecomposed  iodide  disappears  :  finally, 
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repeatedly  washing  in  hot  water,  drying,  and  saturating  with  white  wai 
terminates  the  process. 

The  positives  are  also  fised  by  hyposulphite  of  soda,  by  cyanide  of 
potassium,  or  by  ammonia  ;  all  of  which  act  by  removing  the  unde- 
composed  chloride  of  silver.  The  conservation  of  the  positive  is  a 
point  of  difficulty.  Mr.  Malone  recommends  immersion  in  a  strong 
solution  of  caustic  potassa,  heated  to  about  180°  (82<'-22C)  ;  a  change  of 
tint  ensues,  and  greater  permanence  is  acquired.  After  removal  of  the 
alkali  and  any  sulphur  and  chlorine  compounds  present,  the  picture 
should  be  sized  and  hot-pressed,  or  varnished,  keeping  the  finished 
proof  most  carefully  excluded  from  sulphuretted  vapours. 

Sir  John  Herschel  has  shown  that  a  great  number  of  other  sub- 
stances can  be  employed  in  these  photographic  processes  by  taking 
advantage  of  the  singular  deoxidizing  effects  of  certain  portions  of  the 
solar  rays.  Paper  washed  with  a  solution  of  a  salt  of  sesquioxide  of 
iron  becomes  capable  of  receiving  impressions  of  this  kind,  which  may 
afterwards  be  made  evident  by  ferricyanide  of  potassium,  or  ter- 
chloride  of  gold.  Vegetable  colours'  are  also  acted  upon  in  a  very 
curious  and  apparently  definite  manner  by  the  different  parts  of  the 
spectrum.* 

The  daguerreotype,  the  announcement  of  which  was  first  made  in 
the  summer  of  18cS9  by  M.  Daguerre,  who  had  been  occupied  with 
this  subject  from  1826,  if  not  earlier,  is  another  remarkable  instance  of 
the  decomposing  effects  of  the  solar  rays.  A  clean  and  highly-polished 
plate  of  silvered  copper  is  exposed  for  a  certain  period  to  the  vapour 
of  iodine,  and  then  transported  to  the  camera  obscura.  In  the  most 
improved  state  of  the  process,  a  very  short  time  sufiices  for  effecting 
the  necessary  change  in  the  film  of  iodide  of  silver.  The  picture, 
however,  only  becomes  visible  by  exposing  it  to  the  vapour  of  mer- 
cury, which  attaches  itself,  in  the  form  of  exceedingly  minute  globules, 
to  those  parts  which  have  been  most  acted  upon,  that  is  to  say,  to 
the  lights,  the  shadows  being  formed  by  the  dark  polish  of  the 
metallic  plate.  Lastly,  the  drawing  is  washed  with  a  solution  of 
hyposulphite  of  soda  to  remove  the  undecomposed  iodide  of  silver, 
and  render  it  permanent. 

The  images  of  objects  thus  produced  bear  the  most  minute  exami- 
nation with  a  magnifying-glass,  the  smallest  details  being  depicted 
with  perfect  fidelity. 

Great  improvements  have  been  necessarily  made  in  the  application 
ofthis  beautiful  art  to  taking  portraits.  By  the  joint  use  of  bromine 
and  iodine  the  plates  are  rendered  far  more  sensitive,  and  the  time  of 
sitting  is  shortened  to  a  very  few  seconds.  When  the  operation  is  com- 
pleted, the  colour  of  the  plate  is  much  improved  by  the  deposition  of 
an  exceedingly  thin  film  of  gold,  which  communicates  a  warm  purplish 
tint,  and  removes  the  previous  dull  leaden-grey  hue,  to  most  persons 
very  offensive. 

*  Phil,  Trans.  1842,  p.  1. 
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The  difficulty  of  obtaining  good  paper  for  the  talbotype  has  led  to 
the  devisal  of  various  substitutes :  albumen  on  glass  and  collodion  are 
used  with  success  ;  a  soluble  iodide,  with  or  without  bromine,  chlorine, 
or  fluorine,  is  mixed  with  either  liquid,  and  applied  to  a  glass  or 
porcelain  plate,  dried,  and  immersed  in  a  solution  of  nitrate  of  silver; 
thus  a  sensitive  coating  is  formed  upon  which  the  images  of  the  camera 
or  microscope  are  thrown,  and  developed  by  subsequent  treatment  with 
deoxidizing  agents— either  pyi-o-gallic  acid,  gallic  acid,  or  sulphate 
of  protoxide  of  iron  may  be  used.  The  fixing  is  accomplished  by 
hyposulphite  of  soda.  The  result  is  either  negative  or  positive  at 
the  will  of  the  operator.  The  proofs  on  porcelain  or  glass  may  be 
burned  in,  and  perhaps  thus  rendered  indestructible  by  time. 

Etching  and  lithographic  processes,  by  combined  chemical  and  pho- 
togi-aphic  agency,  promise  to  be  of  considerable  utility.  The  earliest 
is  that  of  Nie'pce  ;  he  applied  a  bituminous  coating  to  a  metal  plate, 
upon  which  an  engraving  was  superimposed.  The  light  being  thus 
partially  inten-upted  acted  unequally  upon  the  varnish  ;  a  liquid 
hydro-carbon  petroleum  used  as  a  solvent  removed  the  bitumen 
wherever  the  hght  had  not  acted ;  an  engraving  acid  could  now  bite 
the  unprotected  metal,  which  could  eventually  be  printed  from  in 
the  usual  way.  Dr.  Donne'  and  Dr.  Berres,  by  submitting  the 
daguerreotype  to  the  action  of  nitinc  acid  and  its  vapour,  obtained 
etchings  from  which  proofs  could  be  taken.  Mr.  Grove,  by  using 
chlorine  evolved  by  voltaic  agency,  succeeded  in  obtaining  a  more 
manageable  process ;  and  very  successful  results  have  been  obtained 
by  M.  Fizeau  :  he  submits  the  daguerreotype  to  the  action  of  a  mixture 
of  dilute  nitric  acid,  common  salt,  and  nitrate  of  potassa,  the  silver  only 
is  attacked,  the  mercm-ialized  portion  of  the  image  resisting  the  acid, 
and  an  etching  is  obtained  following  minutely  the  lights  and  shadows 
of  the  pictui-e.  To  deepen  this  etching  the  chloride  of  silver  fonned 
is  removed  by  ammonia,  the  plate  is  boiled  in  caustic  potassa  and 
again  treated  with  acid,  and  so  on  till  the  etching  is  of  sufficient  depth. 
In  extreme  cases  electro- gilding  is  resorted  to,  and  an  engraving  acid 
used  to  get  still  more  powerful  impressions. 

Among  the  latest  results  are  those  obtained  by  Mr.  Talbot  on  steel 
plates  ;  he  uses  a  mixture  of  bichromate  of  potassa  and  gelatine,  which 
hardens  by  exposure  to  the  light ;  the  parts  not  affected  are  removed 
by  washing;  bichloride  of  platinum  is  used  as  an  etching  liquid,  it 
has  the  advantage  of  biting  with  gi-eater  regularity  than  nitric  acid. 

The  bitumen  process  of  M^  Niepce  has  been  applied  to  lithographic 
stone,  and  positives  obtained  from  negative  talbotypes  have  been' 
printed  off  by  a  modification  of  the  ordinary  lithographic  process. 
M.  Niepce  finds  that  ether  dissolves  the  altered  bitumen,  while  coal-tar- 
naphtha,  or  benzol,  attacks  by  preference  the  bitumen  in  its  nonnal  con- 
dition. 
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EADIATION,  REFLECTION,  ABSORPTION,  AND  TRANS- 
MISSION OF  HEAT. 

EADIATION  OF  HEAT. 

If  a  red-hot  ball  be  placed  upon  a  metallic  support,  and  left  to  itself, 
cooling  immediately  commences,  and  only  stops  when  the  temperature 
of  the  ball  is  reduced  to  that  of  the  surrounding  air.  This  eflect  takes 
place  in  three  ways  :  heat  is  conducted  away  fi-om  the  ball  through  the 
substance  of  the  support ;  another  portion  is  removed  by  the  convec- 
tive  power  of  the  air ;  and  the  residue  is  thrown  off  from  the  heated 
body  in  straight  lines  or  rays,  which  pass  through  air  without  inter- 
ruption, and  become  absorbed  by  the  surfaces  of  neighboui-ing  objects 
•which  happen  to  be  presented  to  their  impact. 

This  radiant  or  radiated  heat  resembles,  in  very  many  respects, 
ordinary  light ;  it  suifers  reflection  from  polished  surfaces  according  to 
the  same  law;  it  is  by  dull  and  rough  surfaces  partly  reflected,  partly 
absorbed  ;  it  moves  with  extreme  velocity ;  and,  finally,  it  traverses 
certain  transparent  media,  vmdergoiug  refraction  at  the  same  time,  in 
obedience  to  the  laws  which  regulate  that  phenomenon  in  optics. 

The  fact  of  the  refleciion  of  heat  may  be  very  easily  proved.  If  a 
person  stand  before  a  fire  in  such  a  position  that  his  face  may  be 
screened  by  the  mantelshelf,  and  if  he  then  take  a  bright  piece  of 
metal,  as  a  sheet  of  tinned  plate,  and  hold  it  in  such  a  manner  that  the 
fii'e  may  be  seen  by  reflection,  at  the  same  moment  a  distinct  sensation 
of  heat  will  be  felt. 

The  apparatus  best  fitted  for  studying  these  facts  consists  of  a  pair 
of  concave  metallic  mirrors  of  the  form  called  parabolic.  The  parabola 
is  a  curve  possessing  very  peculiar  properties,  one  of  the  most  promi- 
nent being  the  following : — A  tangent  drawn  to  any  part  of  the  curve 
makes  equal  angles  with  two  lines,  one  of  which  proceeds  from  the 
point  where  the  tangent  touches  the  curve  in  a  direction  parallel  to 
what  is  called  the  axis  of  the  parabola,  and  the  other  from  the  same 
spot  through  a  point  in  front  of  the  curve  called  the  focus.  It  results 
from  this  that  parallel  rays,  either  of  light  or  heat,  falling  upon  a  mir- 
ror of  this  particular  curvature  in  a  direction  parallel  to  the  axis  of 
the  parabola,  will  be  all  reflected  to  a  single  point  at  the  focus ;  and 
rays  diverging  from  this  focus,  and  impinging  upon  the  mirror  will, 
after  reflection,  become  parallel  (fig.  51). 

If  two  such  mirrors  be  placed  opposite  to  each  other  at  a  consider- 
able distance,  and  so  adjusted  that  their  axes  shall  be  coincident,  and  a 
hot  body  placed  in  the  focus  of  the  one,  while  a  thennometer  occupies 
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Fig.  51. 


that  of  the  other,  the  reflection  of  the  rays  of  heat  will  become  mani- 
fest by  their  effect  upon  the  instrument.  In  this  manner,  with  a  pair 
of  by  no  means  very  perfect  mii'rors, 
18  inches  in  diameter,  separated  by 
an  interval  of  20  feet  or  more,  amadou 
or  gunpowder  may  be  readily  fired 
by  a  red-hot  ball  in  the  focus  of  the 
opposite  mirror  (fig.  52). 

The  power  of  radiation  varies  ex- 
ceedingly with  diflerent  bodies,  as 
may  be  easily  proved.  If  two  similar 
vessels  of  equal  capacity  be  con- 
structed of  thin  metal,  and  the  surface 
of  one  be  highly  polished,  while  that 
of  the  other  is  covered  with  lamp- 
black, and  both  filled  with  hot  water 
of  the  same  temperature,  and  their 
rate  of  cooling  observed  from  time  to  time  with  a  thermometer,  it  will 
be  constantly  found  that  the  blackened  vessel  loses  heat  much  faster 
than  the  one  with  bright  surfaces  ;  and  since  both  are  put  on  a  footing 
of  equality  in  other  respects,  this  difference,  which  will  often  amount 

Fig.  52. 


to  many  degrees,  mast  be  ascribed  to  the  superior  emissive  power  of 
the  film  of  soot. 

By  another  arrangement,  a  numerical  comparison  can  be  made  of 
these  differences.  A  cubical  metallic  vessel  is  prepared,  each  of  whose 
sides  is  in  a  different  condition,  one  being  polished,  another  rough,  a 
third  covered  with  lampblack,  &c.  This  vessel  is  filled  with  water 
kept  constantly  at  212^  (100°C)  by  a  small  steam-pipe.  Each'' of  its 
sides  is  then  presented  in  succession  to  a  good  parabolic  mirror,  having 
in  its  focus  one  of  the  bulbs  of  the  differential  thei-mometer  before 
described  (fig.  19),  the  bulb  itself  being  blackened.  The  effect  pro- 
duced on  this  instrument  is  taken  as  a  measure  of  the  comparative 
radiating  powers  of  the  different  surfaces.  The  late  Sir  John  Leslie 
obtamed  by  this  method  of  experiment  the  following  results :— 
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Emissive  power.  Emissive  power. 

Lampblack    .        .100  Tarnished  lead    .  45 

Writing-paper    .       98  Clean  lead    .  .19* 

Glass  .        .        .90  Polished  iron      .  15 

Plumbago  •        75  Polished  silver       .  12 

The  best  reflecting  surfaces  are  always  the  worst  radiators  ;  polished 
metal  reflects  nearly  all  the  heat  that  "falls  upon  it,  while  its  radiating 
power  is  the  feeblest  of  any  substance  tried,  and  lampblack,  which 
reflects  nothing,  radiates  most  perfectly. 

The  power  of  absorbing  heat  is  in  direct  proportion  to  the  power  of 
emission.  The  polished  metal  mirror,  in  the  experiment  with  the 
red-hot  ball,  remains  quite  cold,  although  only  a  few  inches  fr  om  the 
latter ;  or,  again,  if  a  piece  of  gold  leaf  be  laid  upon  paper,  and  a 
heated  iron  held  over  it  until  the  paper  is  completely  scorched,  it  will 
be  found  that  the  film  of  metal  has  perfectly  defended  that  portion 
beneath  it. 

The  faculty  of  absorption  seems  to  be  a  good  deal  influenced  by 
colour ;  Dr.  Franklin  found  that  when  pieces  of  cloth  of  various  colours 
were  placed  on  snow  e.xposed  to  the  feeble  sunshine  of  winter,  the 
snow  beneath  became  unequally  melted,  the  effect  being  always 
in  proportion  to  the  depth  of  the  colour;  and  Dr.  Stark  has  since 
obtained  a  similar  result  by  a  different  method  of  experimenting. 
According  to  the  late  researches  of  Melloni,  this  effect  depends  less  on 
the  colour  than  on  the  natui-e  of  the  colouring  matter  which  covers 
the  surface  of  the  cloth. 

These  facts  afford  an  explanation  of  two  very  interesting  and  impor- 
tant natural  phenomena,  namely,  the  origin  of  dew,  and  the  cause  of 
the  land  and  sea  breezes  of  tropical  countries.  While  the  sun  remains 
above  the  horizon,  the  heat  radiat?d  by  the  surface  of  the  earth  into 
space  is  compensated  by  the  absorption  of  the  solar  beams  ;  but  when 
the  sun  sets,  and  the  supply  ceases,  while  the  emission  of  heat  goes  on 
as  actively  as  before,  the  sorface  becomes  cooled  until  its  temperature 
sinks  below  that  of  the  air.  The  air  in  contact  with  the  earth  of  course 
participates  in  this  reduction  of  temperature ;  the  aqueous-vapour  pre- 
sent speedily  reaches  its  point  of  maximum  density,  and  then  begins 
to  deposit  moisture,  whose  quantity  will  depend  upon  the  proportion 
of  vapoui"  in  the  atmosphere,  and  on  the  extent  to  which  the  cooling 
process  has  been  carried. 

*  The  supposed  Influence  of  mere  difference  of  surface  has  been  called  in 
question  by  M.  Melloni,  who  attributes  to  other  causes  the  effects  observed  by 
Sir  John  Leslie  and  others,  among  which  superficial  oxidation  and  differences 
of  physical  condition  with  respect  to  hardness  and  density,  are  among  the 
most  important.  AVith  metals  not  subject  to  tnmish,  scratchmg  the  surface 
increases  the  emissive  power  when  the  plates  have  been  rolled  or  hammered, 
i.  e.,  are  in  a  compressed  state,  and  diminishes  it,  on  the  contrary,  when  the 
metal  has  been  cast  and  carefully  polished  without  burnishing.  In  tlie  case 
of  ivory,  marble,  and  jet,  where  compression  cannot  take  place,  no  difference 
is  perceptible  in  the  radiatmg  power  of  polished  and  rough  surl'aces. — Ann.  Chini. 
et  Phys.  Ixx.  435 
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It  is  observed  that  dew  is  most  abundant  in  a  clear  calm  night, 
succeeding  a  hot  day ;  under  these  circumstances  the  quantity  of 
vapour  iu°the  air  is  usualy  very  great,  and  at  the  same  time  radiation 
proceeds  with  most  facility.  At  such  times  a  thermometer  laid  on 
the  ground  will,  after  some  time,  indicate  a  temperature  of  10°  (5°-5C). 
1.5°  (8°-3C),  or  even  20°  (11°-1C)  below  that  of  the  air  a  few  feet 
higher.  Clouds  hinder  the  formation  of  dew,  by  reflecting  back  to  the 
earth  the  lieat  radiated  from  its  surface,  and  thus  preventing  the  neces- 
sary reduction  of  temperature  ;  and  the  same  effect  is  produced  by  a 
screen  of  the  thinnest  material  stretched  at  a  little  height  above  the 
gi'ound.  In  this  manner  gardeners  often  preserve  delicate  plants  from 
destruction  by  the  frosts  of  spring  and  autumn.  The  piercing  cold  felt 
just  before  and  at  sunrise,  even  in  the  height  of  summer,  is  the  con- 
sequence of  tliis  refrigeration  having  reached  its  maximum. 

Wind  also  effectually  prevents  the  deposition  of  dew,  by  con- 
stantly renewing  the  air  lying  upon  the  earth  before  it  has  had 
its  temperature  sufficiently  reduced  to  cause  condensation  of  mois- 
ture. 

Many  curious  experiments  may  be  made  by  exposing  on  the  ground 
at  night  bodies  which  differ  in  their  powers  of  radiation.  If  a  piece 
of  black  cloth  ajid  a  plate  of  bright  metal  be  thus  treated,  the  former 
will  often  be  found  in  the  morning  covered  with  dew,  while  the  latter 
remains  dry. 

Land  and  sea  breezes  are  certain  periodical  winds  common  to  most 
sea-coasts  within  the  tropics,  but  by  no  means  confined  to  those  re- 
gions. It  is  observed,  that  a  few  hours  after  sunrise  a  breeze  springs 
up  at  sea,  and  blows  directly  on  shore,  and  that  its  intensity  increases 
as  the  day  advances,  and  declines  and  gradually  expires  near  sunset. 
Shortly  afterwards  a  wind  arises  in  exactly  the  opposite  direction, 
namely,  from  the  land  towards  the  sea,  lasts  the  whole  of  the  night, 
and  only  ceases  with  the  reappearance  of  the  sun. 

It  is  easy  to  give  an  explanation  of  these  effects.  When  the  sun 
shines  at  once  upon  the  surface  of  the  earth  and  that  of  the  sea,  the 
two  become  unequally  heated,  because  the  water,  although  it  possesses 
greater  power  of  absorbing  heat,  yet  is  more  slowly  warmed  in  con- 
sequence of  its  greater  capacity  for  heat,  and  the  greater  depth  to 
which  the  rays  of  the  sun  can  penetrate.  The  air  over  the  heated 
surface  of  the  gromid,  being  expanded  by  heat,  rises,  and  has  its  place 
supplied  by  colder  air  flowing  from  the  sea,  producing  the  sea-breeze. 
When  the  sun  sets,  both  sea  and  land  begin  to  cool  by  radiation  •  the 
rate  of  cooling  of  the  latter  will,  however,  far  exceed  that  of  the 
foi-mer,  and  its  temperature  will  rapidly  fall.  The  air  above  becoming 
cooled  and  condensed,  flows  outwards  in  obedience  to  the  laws  of 
fluid  pressure,  and  displaces  the  warmer  air  of  the  ocean.  In  this 
manner,  by  an  interchange  of  air  between  sea  and  land,  the  otherwise 
oppressive  heat  is  moderated,  to  the  gi-eat  advantage  of  those  who 
inhabit  such  localities.    The  land  and  sea  breezes  extend  to  a  small 
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distance  only  from  shore,  but  afford,  notwithstanding,  essential  aid  to 
coasting  navigation,  since  vessels  on  either  tack  enjoy  a  fair  wind 
during  the  greater  part  of  both  day  and  night. 


TRANSMISSION  OF  HEAT  ;  DIATHERMANCY. 


Rays  of  heat,  in  passing  through  air,  receive  no  more  obstruction 
than  those  of  light  under  similar  circumstances ;  but  with  other 
transparent  media  the  case  is  different.  If  a  parabolic  mirror  be 
taken  and  its  axis  directed  towards  the  sun,  the  rays  both  of  heat  and 
light  will  be  reflected  to  the  focus,  which  will  exhibit  a  temperature 
sufficiently  high  to  fase  a  piece  of  metal,  or  fire  a  combustible  body. 
If  a  plate  of  glass  be  now  placed  between  the  mirror  and  the  sun,  the 
effect  will  be  but  little  diminished. 

Now,  let  the  same  experiment  be  made  with  the  heat  of  a  kettle 
filled  with  boiling  water ;  the  heat  will  be  concentrated  by  reflection 
as  before,  but,  on  interposing  the  glass,  the  heating  effect  at  the  focus 
will  be  reduced  to  nothing.  Thus,  the  rays  of  heat  coming  from  the 
sun  traverse  glass  with  facility,  which  is  not  the  case  with  those 
emanating  from  the  boiling  water. 

In  the  year  1833,  M.  Melloni  published  the  first  of  a  series  of 
exceedingly  valuable  researches  on  this  subject,  which  are  to  be  found 
in  detail  in  various  volumes  of  the  Annales  de  Chemie  et  de  Physique.* 
It  will  be  necessary,  in  the  first  instance,  to  describe  the  method  of 
operation  followed  by  this  philosopher. 

Not  long  before,  two  very  remarkable  facts  had  been  discovered  : 
Oersted,  in  Copenhagen,  showed  that  a  current  of  electricity,  however 
produced,  exercises  a  singular  and  perfectly  definite  action  on  a  mag- 
netic needle  ;  and  Seebeck,  in  Berlin,  found  that  an  electric  current  may 
be  generated  by  the  unequal  effects  of  heat  on  different  metals  in  con- 
tact. If  a  wire  conveying  an  electrical  current  be  brought  near  a 
magnetic  needle,  the  latter  wiU  immediately  alter  its  position  and 
assume  a  new  one,  as  nearly  perpendicular  to  the  wire  as  the  mode  of 
suspension  and  the  magnetism  of  the  earth  will  permit.  When  the 
.  wire,  for  example,  is  placed  directly  over  the 

^'    '  needle,  while  the  current  it  carries  travels  from 

^  north  to  south,  the  needle  is  deflected  from  its 

ordinary  direction  and  the  north  pole  di-iven 
to  the  eastward.  When  the  current  is  reversed, 
the  same  pole  deviates  to  an  equal  amount 
towards  the  west.  Placing  the  wire  below 
the  needle  instead  of  above  produces  the  same 
effect  as  reversing  the  current. 

When  the  needle  is  subjected  to  the  action 
of  two  currents  in  opposite  directions,  the  one 


*  Translated  also  in  Taylor's  ScientiDc  Memoirs. 
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Fig.  54. 


Fig.  55. 


above' and  the  other  below,  they  will  obviously  concur  in  their  effects. 
The  same  thing  happens  when  the  wire  carrying  the  current  is  bent 
upon  itself,  and  the  needle  placed  between  the  two  portions  ;  and  since 
every  time  the  bending  is  repeated  a  fresh  portion  of  the  current  is 
made  to  act  in  the  same  manner  upon  the  needle,  it  is  easy  to  see  how 
a  current  too  feeble  to  produce  any  elfect  when  a  simi)le  straight  wire 
is  employed,  may  be  made  by  this  contrivance  to  exhibit  a  powerful 
action  on  the  magnet.  It  is  on  this 
principle  that  instruments  called  cjaka- 
nometers,  gakanoscopes,  or  multipliers, 
are  constructed  ;  they  serve,  not  only  to 
indicate  the  e.xistence  of  electrical  cur- 
rents, but  to  show  by  the  effect  upon 
the  needle  the  direction  in  which  they 
are  moving.  By  using  a  very  long  coil 
of  wire,  and  two  needles,  immovably 
connected,  and  hung  by  a  fine  filament  of  silk,  almost  any  degree  of 
sensibility  may  be  communicated  to  the  apparatus. 

When  two  pieces  of  different  metals,  connected  together  at  each  end, 
have  one  of  their  joints  more  heated  than  the  other,  an  electric  current 
is  immediately  set  up.  Of  all  the  metals  tried,  bismuth  and  antimony 
form  the  most  powerful  combination.  A  single  pair  of  bars,  having 
one  of  their  junctions  heated  in  the 
manner  shown,  can  develop  a  current 
strong  enough  to  deflect  a  compass- 
needle  placed  within,  and,  by  arranging 
a  number  in  a  series  and  heating  their 
alternate  ends,  the  intensity  of  the  cur- 
rent may  be  very  much  increased. 
Such  an  arrangement  is  called  a  thermo- 
electric pile.  M.  Melloni  constructed 
a  very  small  thermo-electric  pile  of  this 
kind,  containing  fifty-five  slender  bars 
of  bismuth  and  antimony,  laid  side  by  side,  and  soldered  together  at 
their  alternate  ends.  He  connected  this  pile  with  an  exceedingly 
delicate  multiplier,  and  found  himself  in  the  possession  of  an  instru- 
ment for  measuring  small  variations  of  temperature  far  sm-passing  in 
delicacy  the  air-thej-mometer  in  its  most  sensitive  form,  and  having 
great  advantages  in  other  respects  over  that  instrument  when  em- 
ployed for  the  purposes  to  which  he  devoted  it. 

The  substances  whose  powers  of  transmission  were  to  be  examined 
were  cut  into  plates  of  a  detei-minate  thickness,  and,  after  being  well 
polished,  ananged  in  succession  in  front  of  the  little  pile,  the  "extre- 
mity of  which  was  blackened  to  promote  the  absorption  of  the  rays. 
A  perforated  screen,  the  area  of  whose  aperture  equalled  that  of  the 
face  of  the  pile,  was  placed  between  the  source  of  heat  and  the  body 
under  trial,  wliile  a  second  screen  served  to  intercept  all  radiktion 
until  the  moment  of  the  experiment. 
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After  much  preliminary  labour  for  tlie  purpose  of  testing  the  capa- 
bilities of  the  apparatus  and  the  value  of  its  indications,  an  extended 
series  of  researches  was  undertaken  and  carried  on  during  a  long 
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period  with  great  success :  some  of  the  most  curious  results  are  given 
in  the  subjoined  table. 

Four  different  sources  of  heat  were  employed  in  these  experiments, 
differing  in  their  degrees  of  intensity :  the  naked  ilame  of  an  oil- 
lamp  ;  a  coil  of  platinum  wire  heated  to  redness  ;  blackened  copper 
at  734°  (390°C)  ;  and  the  same  heated  to  212°  (lOQoC). 


Transmission  of  100 

rays  of  heat  from 

Substances. 

(Thickness  of  plate  0  ■  1  inch,  nearly.) 

i 

-hot 
num. 

^  O 

a;  C5 

f-  O 

CJ  o 

C3 

aw 

O 

^  c3 
«l 

O  o 

o  « 

CO 

t- 

55 

Rock-salt,  transparent  and  colourless 

92 

92 

99 

92 

Fluoi--spar,  colourless 

78 

69 

42 

33 

Rock-salt,  muddy 

65 

65 

65 

65 

Beryl         ,           .           .  . 

54 

23 

13 

0 

Fluor-spar,  greenish 

46 

38 

24 

20 

Iceland-spar 

39 

28 

6 

0 

Plate-glass  ... 

39 

24 

6 

0 

Rock-crystal 

38 

28 

6 

0 

Rock-crystal,  brown 

37 

28 

6 

0 

Tourmaline,  dark  green 

18 

16 

3 

0 

Citric  acid,  transparent 

11 

2 

0 

0 

Alum,  transparent  . 

9 

2 

0 

0 

Sugar-candy  ... 

8 

0 

0 

0 

Fluor-spar,  green,  translucent 

8 

6 

4 

3 

Ice,  pure  and  transparent 

6 

0 

0 

0 
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On  examining  this  remarkable  table,  which  is  an  abstract  of  one 
much  more  extensive,  the  first  thing  that  strikes  the  eye  is  the  want 
of  connexion  between  the  power  of  transmitting  heat  and  that  of 
transmitting  light ;  taking,  for  instance,  the  oil-lamp  as  the  soua-ce  of 
heat,  out  of  a  quantity  of  heat  represented  by  100  rays  falling  upon 
the  pile,  the  proportion  intercepted  by  similar  plates  of  rock-salt,  glass, 
and  alum,  may  be  expressed  by  the  numbers,  8,  61,  and  91 ;  and  yet 
these  bodies  are  equally  transparent  with  respect  to  light.  Generally 
speaking,  colour  was  found  to  interfere  with  the  transmissive  power, 
but  to  a  very  unequal  extent;  thus,  in  fluor-spar,  colourless,  greenish, 
and  deep  green,  the  quantities  transmitted  were  78,  46,  and  8,  while 
the  difference  between  colourless  and  browu  rock-crystal  was  only  1. 
Bodies  absolutely  opaque,  as  wood,  metals,  and  black  marble,  stopped 
the  rays  completely,  although  it  was  found  that  the  faculty  of  ti'ans- 
mission  was  possessed,  to  a  certain  extent,  by  some  which  were  nearly 
in  that  condition,  as  thick  plates  of  brown  quartz,  black  mica,  and 
black  glass. 

When  rays  of  heat  had  once  passed  through  a  plate  of  any  sub- 
stance, the  interposition  of  a  second  similar  plate  occasioned  much  less 
loss  than  the  first ;  the  same  thing  happened  when  a  number  were 
interposed,  the  rays,  after  traversing  one  plate,  being  but  little  inter- 
rupted by  others  of  a  similar  nature. 

The  next  point  to  be  noticed  is  the  great  difference  in  the  pro- 
perties of  the  rays  from  different  sources.  Out  of  100  rays  from  each 
source  which  fell  on  rock-salt,  the  same  proportion  was  always  trans- 
mitted whether  the  rays  proceeded  from  the  intensely-heated  flame,  the 
red-hot  platinum  wire,or  the  copper  at  734°  (390°C  j  or  212°  (lOCC) ; 
but  this  is  true  of  no  other  substance  in  the  list.  In  the  case  of  plate- 
glass,  we  have  the  numbers  39,  24,  6,  and  0,  as  representatives  of  the 
comparative  quantities  of  heat  transmitted  through  the  plate  from 
each  source ;  or  in  three  varieties  of  fluor-spar,  as  below  stated : — 

Flame.    Red-heat.  '734°  (390°C).  212°  (100°C). 

Colourless     .       .    78  69  42  33 

Greenish   .       .       46  38  24  20 

Dark  green    .       .      8  6  4  3 

One  substance,  beryl,  out  of  100  rays  from  an  intensely-heated 
source,  suffers  54  to  pass  ;  and  out  of  the  same  number  (that  is,  an 
equal  quantity  of  heat)  from  metal  at  212°  (100°C),  none  at  all; 
whilst  another  substance,  fluor-spar  transmits  rays  from  the  two  sources 
mentioried,  in  the  proportion  of  8  to  3. 

These,  and  many  other  curious  phenomena,  are  fully  and  com- 
pletely explained  on  the  supposition,  that  among  the  invisible  rays  of 
heat  differences  are  to  be  found  exactly  analogous  to  those  differences 
between  rays  of  light  which  we  are  accustomed  to  call  colours. 
Rock-salt  and  air  arc  the  only  substances  yet  known  which  arc  tnily 
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diathermanous,  or  equally  transparent  to  all  kinds  of  heat-rays  ;  it  is 
to  the  latter  what  white  glass  or  water  is  to  light ;  it  suffers  rays  of 
every  description  to  pass  with  equal  facility.  All  other  bodies  act 
like  coloured  glasses,  absorbing  certain  of  the  rays  more  abundantly 
than  the  rest,  and  colmring,  as  it  were,  the  heat  which  passes 
through  them. 

These  heat-tints  have  no  direct  relation  to  ordinary  colours  ;  their 
existence  is,  nevertheless,  almost  as  clearly  made  out  as  that  of  the 
coloured  rays  of  the  spectrum.  Bodies  at  a  comparatively  low  tem- 
perature emit  rays  of  such  a  tint  only  as  to  be  transmissible  by  a 
few  substances  ;  as  the  temperature  rises,  rays  of  other  heat-colours 
begin  to  make  their  appearance,  and  transmission  of  some  portion  of 
these  rays  takes  place  through  a  great  number  of  bodies  ;  while  at 
the  temperature  of  intense  ignition  we  find  rays  of  all  colours  thrown 
out,' some  of  which  will  certainly  find  their  way  through  a  great 
variety  of  substances. 

By  cutting  rock-salt  into  prisms  and  lenses,  it  is  easy  to  show  that 
radiant  heat  may  be  refracted  like  ordinary  light,  and  its  beams  made 
to  converge  or  cliverge  at  pleasure ;  and,  lastly,  to  complete  the  ana- 
logy, it  has  been  shown  to  be  susceptible  of  polarization  by  transmis- 
sion through  plates  of  doubly-refracting  minerals,  in  the  same  manner 
as  light  itself.* 

*  Dr.  Forbes,  Phil.  Mag.  for  1835;  also  M,  Melloni,  Ann.  Chim.  et  Phys. 
Ixv.  5. 
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A  PARTICOLAR  species  of  iron  ore  lias  long  been  remarkable  for  its 
property  of  attracting  small  pieces  of  iron,  and  causing  them  to  adhere 
to  its  surface  :  it  is  called  loadstone,  or  magnetic  iron  ore. 

If  a  piece  of  this  loadstone  be  carefully  examined,  it  will  be  found 
that  the  attractive  force  for  particles  of  iron  is  greatest  at  certain  par- 
ticular points  of  its  surface,  while  elsewhere  it  is  much  diminished,  or 
even  altogether  absent.  These  attractive  points,  or  centres  of  greatest 
force,  are  denominated  poles,  and  the  loadstone  itself  is  said  to  be 
endued  with  magnetic  polarity. 

If  one  of  the  poles  of  a  natural  loadstone  be  rubbed  in  a  particular 
manner  over  a  bar  of  steel,  its  characteristic  properties  will  be  commu- 
nicated to  the  bar,  which  will  then  be  found  to  attract  iron-filings  like 
the  loadstone  itself.  Farther,  the  attractive  force  will  be  greatest  at 
two  points  situated  very  near  the  extremities  of  the  bar,  and  least  of 
all  towards  the  middle.  The  bar  of  steel  so  treated  is  said  to  be 
magnetized,  or  to  constitute  an  artificial  magnet. 

When  a  magnetized  ^bar  or  natiu'al  magnet  is  suspended  at  its 
centre  in  any  convenient  manner,  so  as  to  be  free  to  move  in  a  hori- 
zontal plane,  it  is  always  found  to  assume  a  particular  direction  with 
regard  to  the  earth,  one  end  pointing  nearly  north  and  the  other 
nearly  south.  If  the  bar  be  moved  from  this  position,  it  will  tend  to 
reassume  it,  and,  after  a  few  oscillations,  settle  at  rest  as  before.  The 
pole  which  points  towards  the  astronomical  north  is  usually  distin- 
guished as  the  north  pole  of  the  bar,  and  that  which  points  southward, 
as  the  south  pole.  A  suspended  magnet,  either  natural  or  artificial,  of 
symmetrical  form,  serves  to  exhibit  certain  phenomena  of  attraction 
and  repulsion  in  the  presence  of  a  second  magnet,  which  deserve  par- 
ticular attention.  When  a  north  pole  is  presented  to  a  south  pole,  or  a 
south  pole  to  a  north,  attraction  ensues  between  them  ;  the  ends  of  the 
bars  approach  each  other,  and,  if  permitted,  adhere  with  considerable 
force  ;  when^  on  the  other  hand,  a  north  pole  is  brought  near  a  second 
north  pole,  or  a  south  pole  near  another  south  pole,  mutual  repulsion 
is  observed,  and  the  ends  of  the  bars  recede  from  each  other  as  far  as 
possible.  Poles  of  an  opposite  name  attract,  and  of  a  similar  name 
repel  each  other.  Thus,  a  small  bar  or  needle  of  steel,  properly  mag- 
netized and  suspended,  tuid  having  its  poles  mai-ked,  becomes  an 
instrument  fitted  not  only  to  discover  the  existence  of  magnetic  power 
in  other  bodies,  but  to  estimate  the  kind  of  polarity  affected  by  their 
different  parts. 

A  piece  of  iron  brought  into  the  neighbourhood  of  a  magnet  ac- 
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quires  itself  magnetic  properties  ;  the  intensity  of  the  power  thus 
conferred  depends  upon  that  of  the  magnet  and  upon  the  interval 
which  divides  the  two,  becoming  greater  as  that  interval  decreases, 
and  greatest  of  all  when  in  actual  contact.  The  iron,  under  these  cir- 
cumstances, is  said  to  be  magnetized  by  induction  or  influence,  and 
the  effect  which  in  an  instant  reaches  its  maximum,  is  at  once 
destroyed  by  removing  the  magnet. 

When  steel  is  substituted  for  iron  in  this  experiment,  the  inductive 
action  is  hardly  perceptible  at  first,  and  only  becomes  manifest  after 
the  lapse  of  a  certain  time ;  in  this  condition,  when  the  steel  bar  is 
removed  from  the  magnet,  it  retains  a  portion  of  the  induced  polarity. 
It  becomes,  indeed,  a  permanent  magnet,  similar  to  the  first,  and 
retains  its  peculiar  properties  for  an  indefinite  period. 

A  particular  name  is  given  to  this  resistance  which  steel  always 
offers  in  a  greater  or  less  degree  both  to  the  development  of  magnetism 
and  its  subsequent  destruction  ;  it  is  called  specific  coercive  poicer. 

The  rule  which  regulates  the  induction  of  magnetic  polarity  in  all 
cases  is  exceedingly  simple,  and  most  important  to  be  remembered. 

The  pole  produced  is  always  of 
^9-  5V.  ^jjg  opposite  name  to  that  which 

produced  it,  a  north  pole  deve- 
loping south  polarity,  and  a 
south  pole  north  polarity.  The 
north  pole  of  the  magnet  figured 
in  the  sketch  induces  south  po- 
larity in  all  the  nearer  extremi- 
ties of  the  pieces  of  iron  or  steel 
which  surround  it,  and  a  state 
^3  similar  to  its  own  in  all  the 
more  remote  extremities.  The 
iron  thus  magnetized  is  capable 
of  exerting  a  similar  inductive 
action  on  a  second  piece,  and 
that  upon  a  third,  and  so  to  a 
great  number,  the  intensity  of 
the  force  diminishing  as  the 
distance  from  the  pemament 
magnet  increases.  It  is  in  this 
way  that  a  magnet  is  enabled  to  hold  up  a  number  of  small  pieces  of 
iron,  or  a  bunch  of  filings,  each  separate  piece  becoming  a  magnet  for 
the  time  by  induction. 

Magnetic  polarity,  similar  in  degi-ee  to  that  which  iron  presents,  has 
been  found  only  in  some  of  the  compounds  of  iron,  in  nickel,  and  in 
cobalt. 

Magnetic  attractions  and  repulsions  are  not  in  the  slightest  degree 
interfered  with  by  the  interposition  of  substances  destitute  of  magnetic 
properties.    Tliick  plates  of  glass,  shellac,  metals,  wood,  or  of  any  sub- 
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stances  except  those  above  mentioned,  may  be  placed  between  a  magnet 
and  a  suspended  needle,  or  a  piece  of  iron  under  its  influence,  the  dis- 
tance being  preserved,  without  the  least  perceptible  alteration  in  its 
attractive  power,  or  force  of  induction. 

One  kind  of  polarity  cannot  be  exhibited  without  the  other.  In 
other  words,  a  magnetic  pole  cannot  be  insulated.  If  a  magnetized 
bar  of  steel  be  broken  at  its  neutral  point,  or  in  the  middle,  each  of  the 
broken  ends  acquires  an  opposite  pole,  so  that  both  portions  of  the  bar 
become  perfect  magnets ;  and,  if  the  division  be  carried  still  faiiher, 
if  the  bar  be  broken  into  a  hundred  pieces,  each  fragment  will  be  a 
complete  magnet,  having  its  own  north  and  south  poles. 

This  experiment  serves  to  show  very  clearly  that  the  apparent 
polarity  of  the  bar  is  the  consequence  of  the  polarity  of  each  individual 
particle,  the  poles  of  the  bar  being  merely  points  through  wliich  the 
resultants  of  all  these  forces  pass ;  the  large  magnet  is  made  up  of  an 

Fig.  58. 


immense  number  of  little  magnets  regularly  arranged  side  by  side,  all 
having  their  north  poles  looking  one  way,  and  their  south  poles  the 
other.  The  middle  portion  of  such  a  system  cannot  possibly  exhibit 
attractive  or  repulsive  eflects  on  an  external  body,  because  each  pole 
is  in  close  juxtaposition  with  one  of  an  opposite  name  and  of  equal 
power ;  hence  their  forces  will  be  exerted  in  opposite  directions  and 
neutralize  each  other's  influence.  Such  will  not  be  the  case  at  the 
extremities  of  the  bai- ;  there  uncompensated  polarity  will  be  foimd 
capable  of  exerting  its  specific  power. 

This  idea  of  regular  polarization  of  particles  of  matter  in  virtue  of  a 
pair  of  opposite  and  equal  forces,  is  not  confined  to  magnetic  pheno- 
mena ;  it  is  the  leading  principle  in  electrical  science,  and  is  constantly 
reproduced  in  some  form  or  other  in  every  discussion  involving  the 
consideration  of  molecular  forces. 

Artificial  steel  magnets  are  made  in  a  great  variety  of  foiTns  ;  such 
as  small  light  needles,  mounted  with  an  agate  cap  for  suspension  upon 
a  fine  point ;  straight  bars  of  various  kinds ;  bars  curved  into  the 
shape  of  a  horse-shoe,  &c.  All  these  have  regular  polarity  communi- 
cated to  them  by  certain  processes  of  rubbing  or  touching  with  another 
magnet,  which  require  cai-e,  but  are  not  otherwise  difficult  of  execution. 
When  great  power  is  wished  for,  a  number  of  bars  may  be  screwed 
together,  with  their  similar  ends  in  contact,  and  in  this  way  it  is  easy 
to  construct  peraiament  steel  magnets  capable  of  sustaining  o-reat 
weights.  To  prevent  the  gradual  destruction  of  magnetic  foj-ce,  \vhich 
would  otherwise  occur,  it  is  usual  to  arm  each  polo  with  a  piece  of  soft 
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iron  or  keeper,  which,  becoming  magnetized  by  induction,  serves  to 
sustain  the  polarity  of  tlie  bar,  and  even  increases  in  some  cases  its 
energy. 

The  direction  spontaneously  assumed  by  a  suspended  needle  indi- 
cates that  the  earth  itself  has  the  properties  of  an  enormous  magnet, 
whose  south  pole  is  in  the  northern  hemisphere.  A  line  joinim^"  the 
two  poles  of  such  a  needle  or  bar  indicates  the  direction  of  the  magnetic 
meridian  of  the  place,  which  is  a  vertical  plane  coincident  with  the 
direction  of  the  needle. 

The  magnetic  meridian  of  a  place  is  not  usually  coincident  with  its 
geographical  meridian,  but  makes  with  the  latter  a  certain  angle  called 
the  declination  of  the  needle  ;  in  other  words,  the  magnetic  °poles  are 
not  situated  within  the  line  of  the  axis  of  rotation. 

The  amount  of  this  declination  of  the  needle  from  the  true  north 
and  south  not  only  varies  at  different  places,  but  in  the  same  place  is 
suliject  to  daily,  yearly,  and  secular  fluctuations,  which  are  called  the 
variations  of  declination.  Thus,  at  the  commencement  of  the  17th 
century,  the  declination  was  eastward;  in  1660,  it  was  0;  that  is, 
the  needle  pointed  due  north  and  south.  Afterwards  it  became 
westerly,  slowly  increasing  until  the  year  1818,  when  it  reached  24^ 
30',  since  which  time  it  has  been  slowly  diminishing. 

If  a  steel  bar  be  supported  on  a  horizontal  axis  passing  exactly 
through  its  centre  of  gravity,  it  will  of  course  remain  equally  balanced 
in  any  position  in  which  it  may  happen  to  be  placed ;  if  the  bar  so 
adjusted  be  then  magnetized,  it  will  be  found  to  take  a  permanent 
direction,  the  north  pole  being  downwards,  and  the  bar  making  an 
angle  of  about  70°,  with  a  horizontal  plane  passing  through  the  axis. 
This  is  called  the  dip  or  inclination  of  the  needle,  and  shows  the 
direction  in  which  the  force  of  terrestrial  magnetism  is  most  energeti- 
cally exerted.  The  amount  of  this  dip  is  different  in  different  lati- 
tudes ;  near  the  equator  it  is  very  small,  the  needle  remaining  nearly 
or  quite  horizontal ;  as  the  latitude  increases  the  dip  becomes  more 
decided  ;  and  over  the  magnetic  pole  the  bar  becomes  completely  vertical. 
Such  a  situation  is,  in  fact,  to  be  found  in  the  northern  hemisphere, 
considerably  south  of  the  geographical  pole  on  the  west  coast  of 
Boothia  Felix,  lat.  70°  5'  N.  and  longitude  96°  46'  W. ;  the  dipping- 
needle  has  here  been  seen  to  point  directly  downwards,  while  the 
horizontal  or  compass-needle  ceased  to  traverse.  The  position  of  the 
south  magnetic  pole  has  lately  been  determined  by  the  observations  of 
Captain  James  Koss  to  be  about  lat.  73°  S.  and  long.  130°  E. 

By  observing  a  gi-eat  number  of  points  near  the  equator  in  which 
the  dip  becomes  reduced  to  nothing,  a  line  may  be  traced  around  the 
earth,  called  the  magnetic  equator,  and  nearly  parallel  to  this,  on  both 
sides,  a  number  of  smaller  circles  called  lines  of  equal  dip.  These 
lines  present  great  irregularities  when  compared  with  the  equator 
itself  and  the  parallels  of  latitude,  the  magnetic  equator  deviating  from 
the  terrestrial  one  as  much  as  12°  at  its  point  of  greatest  divergence. 
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Like  the  horizontal  declination,  the  dip  is  also  subject  to  change  at  the 
same  place.  Observations  have  not  yet  been  made  during  sufficient 
time  to  determine  accurately  the  law  and  rate  of  alteration,  and  great 
practical  difficulties  exist  also  in  the  construction  of  the  instruments. 
In  the  year  1773  it  was  about  72°  ;  at  the  present  time  it  is  near 
69°  5'  in  London. 

The  indu(^tive  power  of  the  magnetism  of  the  earth  may  be  shown 
by  holding  in  a  vertical  position  a  bar  of  very  soft  iron  ;  the  lower  end 
will  be  found  to  possess  north  polarity,  and  the  upper,  the  contrary 
state.  On  reversing  the  bar  the  poles  are  also  reversed.  All  masses 
of  iron  whatever,  when  examined  by  a  suspended  needle,  will  be 
found  in  a  state  of  magnetic  polarity  by  the  influence  of  the  earth ; 
iron  columns,  tools  in  a  smith's  shop,  fire-irons,  and  other  like  objects, 
are  all  usually  magnetic,  and  those  made  of  steel  permanently  so.  On 
board  ship,  the  presence  of  so  many  large  masses  of  iron — guns, 
anchors,  water-tanks,  &c. — thus  polarized  by  the  earth,  causes  a 
derangement  of  the  compass-needles  to  a  very  dangerous  extent ; 
happily,  a  plan  has  been  devised  for  determining  the  amount  of  this 
local  attraction  in  different  positions  of  the  ship,  and  making  suitable 
corrections. 

The  mariner's  compass,  which  is  nothing  more  than  a  suspended 
needle  attached  to  a  circular  card  marked  with  the  points,  was  not  in 
general  use  in  Europe  before  the  year  1300,  although  the  Chinese 
have  had  it  from  very  early  antiquity.  Its  value  to  the  navigator  is 
now  very  much  increased  by  correct  observations  of  the  exact  amount 
of  the  declination  in  various  parts  of  the  world. 

Probably  every  substance  in  the  world  contributes  something  to  the 
magnetic  action  of  the  earth  ;  for,  according  to  the  latest  discoveries  of 
Mr.  Faraday,  magnetism  is  not  peculiar  to  those  substances  which 
have  more  especially  been  called  magnetic,  such  as  iron,  nickel,  cobalt, 
but  it  is  the  property  of  all  matter,  though  to  a  much  smaller  degree. 
Very  powerful  magnets  are  required  to  show  this  remarkable  fact. 
Large  horse-shoe  magnets,  made  by  the  action  of  the  electric  current, 
are  most  proper.  The  magnetic  action  on  different  substances  which 
are  capable  of  being  easily  moved,  differs  not  only  according  to  the  size, 
but  also  according  to  the  nature  of  the  substance.  In  consequence  of 
this,  Faraday  divides  all  bodies  into  two  classes.  He  calls  the  one 
magnetic,  or,  better,  paramagnetic,  and  the  other  diamagnetic. 

The  matter  of  which  a  paramagnetic  (magnetic)  body  consists  is 
attracted  by  both  poles  of  the  horse-shoe  magnet ;  on  the  contrary, 
the  matter  of  a  diamagnetic  body  is  repelled.  When  a  small  iron  bar 
is  hung  by  untwisted  silk  between  the  poles  of  the  magnet,  so  that  its 
long  diameter  can  easily  move  in  a  horizontal  plane,  it  arranges  itself 
axially,  that  is,  parallel  to  the  straight  line  which  joins  the  poles, 
or  to  the  magnetic  axis  of  the  poles ;  assuming  at  the  end  which  is 
nearest  the  north  pole,  a  south  pole,  and  at  the  end  nearest  the  south 
pole,  a  north  pole.    Whenever  the  little  bar  is  removed  from  this 
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position,  after  a  few  oscillations,  it  returns  again  to  its  previous  posi- 
tion. The  whole  class  of  paramagnetic  bodies  behave  in  a  precisely 
similar  way  under  similar  circumstances  ;  only  in  the  intensity  of  the 
effects  great  differences  occur. 

On  the  contrary,  diamagnetic  bodies  have  their  long  diameters  placed 
equatorially,  that  is,  at  right  angles  to  the  magnetic  axis.  They  behave, 
as  if  at  tlie  end  opposite  to  each  pole  of  the  magnet,  the  same  Idnd  of 
polarity  existed. 

In  the  first  class  of  substances,  besides  iron,  which  is  the  best  repre- 
.  sentative  of  tlie  class,  we  have  nickel,  cobalt,  manganese,  chromium, 
cerium,  titanium,  palladium,  platinum,  osmium,  aluminium,  oxygen, 
and  also  most  of  the  compounds  of  these  bodies ;  most  of  them,  even 
when  in  solution.  According  to  Faraday,  the  following  substances  are 
also  feebly  paramagnetic  (magnetic)  :  paper,  sealing-wax,  Indian-ink, 
porcelain,  asbestos,  fluorspar,  minium,  cinnabar,  binoxide  of  lead, 
sulpliate  of  zinc,  tourmaline,  graphite,  and  charcoal. 

In  the  second  class  are  placed  bismuth,  antimony,  zinc,  tin,  cadmium, 
sodium,  mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rhodium, 
iridium,  tungsten,  phosphorus,  iodine,  sulphur,  chlorine,  hydrogen,  and 
many  of  their  compounds.  Also,  glass  fi-ee  from  iron,  water,  alcohol, 
ether,  nitric  acid,  hydrochloric  acid,  resin,  wax,  olive  oil,  oil  of  tur- 
pentine, caoutchouc,  sugar,  starch,  gum,  and  wood.  These  are  dia- 
magnetic. 

If  diamagnetic  and  paramagnetic  bodies  are  combined,  their  peculiar 
properties  are  destroyed.  In  most  of  these  compounds,  occasionally, 
in  consequence  of  the  presence  of  the  smallest  quantity  of  iron,  the 
peculiar  magnetic  power  remains  more  or  less  in  excess.  Thus  green 
bottle  glass  and  many  varieties  of  crown  glass  are  magnetic  in  conse- 
quence of  the  iron  in  it. 

In  order  to  examine  the  magnetic  properties  of  fluids  they  are  placed 
in  very  thin  glass  tubes,  the  ends  of  which  are  then  closed  by  melting, 
they  are  then  hung  horizontally  between  the  poles  of  the  magnet. 
Under  the  influence  of  poles  sufficiently  powerful,  they  begin  to  swing, 
and  according  as  the  fluid  contents  are  paramagnetic  (magnetic),  or 
diamagnetic,  they  assume  an  axial  or  equatorial  position. 

Under  certain  circumstances  substances  which  belong  to  the  para- 
magnetic class  behave  as  if  they  were  diamagnetic.  This  happens  in 
consequence  of  a  differential  action.  Thus,  for  example,  when  a  glass 
tube  full  of  a  dilute  solution  of  sulphate  of  iron  is  allowed  to  swing  in 
a  concentrated  solution  of  sulphate  of  iron,  instead  of  in  the  air,  it 
assumes  an  equatoi-ial  position.  The  air,  in  consequence  of  the 
oxygen  in  it,  is  itself  paramagnetic  (magnetic).  Hence,  such  bodies 
as  appear  to  possess  feeble  diamagnetic  properties,  can  only  show  their 
true  properties  when  hung  in  a  vacuum. 

Faraday  has  tried  the  magnetic  condition  of  gases  in  difleront  ways. 
One  way  consisted  in  making  soap  bubbles  with  the  gas,  which  he 
wished  to  investigate,  and  bringing  these  near  the  poles.    Soap  and 
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watei-  alone  is  feebly  diamagnetic.  A  bubble  filled  with  oxygen  was 
strongly  attracted  by  the  magnet.  All  other  gases  in  the  air  are 
diamagnetic,  that  is,  they  are  repelled.  But,  as  Faraday  has  shown, 
in  a  different  way,  this  partly  arises  from  the  paramagnetic  (magnetic) 
property  of  the  air.  Thus  he  found  that  nitrogen,  when  this  dif- 
ferential action  was  eliminated,  was  perfectly  indifferent,  whether  it 
was  condensed  or  rarefied,  whether  cooled  or  heated.  When  the  tem- 
perature is  raised,  the  diamagnetic  property  of  gases  in  the  air  is  in- 
ci-eased.  Hence  the  flame  of  a  candle  or  of  hydrogen  is  strongly 
repelled  by  the  magnet.    Even  warm  air  is  diamagnetic  in  cold  air. 

For  some  time  it  has  been  believed  that  bodies  in  a  crystalline  form 
had  a  special  and  peculiar  behaviour  when  placed  between  the  poles 
of  a  magnet.  It  appeared  as  though  tfie  magnetic  directing  power  of 
the  crystal  had  some  peculiar  relation  to  the  position  of  its  optic  axis  ; 
so-  that,  independently  of  the  magnetic  property  of  the  substance  of 
the  crystal,  if  the  crystal  was  positively  optical,  it  possessed  the  power 
of  placing  its  optic  axis  parallel  with  the  line  which  joined  the  poles 
of  the  magnet,  while  optically  negative  crystals  tried  to  ai'range  their 
axis  at  right  angles  to  this  line.  This  supposition  is  disproved  by  the 
excellent  investigation  of  Tyndall  and  Knoblauch,  who  showed  that 
exceptions  to  the  above  law  were  furnished  by  all  classes  of  crystals, 
and  proved  that  the  action,  instead  of  being  independent  of  the  magnetic 
nature  of  the  mass,  was  completely  reversed  where,  in  isomoi-phous 
crystals,  a  magnetic  constituent  was  substituted  for  a  diamagnetic  one. 
Rejecting  the  vai-ious  new  forces  assumed,  Tyndall  and  Knoblauch 
referred  the  observed  phenomena  to  the  modification  of  the  magnetic 
force  by  stracture,  and  they  imitated  the  effects  exactly,  by  means  of 
substances  whose  structure  had  been  modified  by  compression.  In 
later  investigation  Tyndall  demonstrates  the  fundamental  principle  on 
which  these  phenomena  depend,  showing  that  the  entire  viass  of  a 
magnetic  body  is  most  strongly  attracted  when  the  attracting  force 
acts  parallel  to  the  line  of  compression  ;  and  that  a  diamagnetic  sub- 
stance is  most  strongly  repelled,  when  the  repulsion  acts  along  the 
same  line.  Hence,  when  such  a  body  is  freely  suspended  in  the  mag- 
netic field,  the  line  of  compression  must  set  axial  or  equatorial,  accord- 
ing as  the  mass  is  magnetic  or  diamagnetic.  Faraday  was  the  first  to 
establish  a  differential  action  of  this  kind  in  the  case  of  bismuth  • 
Tyndall  extended  it  to  several  magnetic  and  diamagnetic  ciystals,  and 
showed  that  it  was  not  confined  to  them,  but  was  a  general  property 
of  matter.  It  was  also  proved  that  for  a  fixed  distance  the  attraction 
of  a  magnetic  sphere,  and  the  repulsion  of  a  diamagnetic  sphere  fol- 
lowed precisely  the  same  law,  both  being  exactly  proportioned  to  the 
square  of  the  exciting  current. 
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If  glass,  amber,  or  sealing-wax  be  rubbed  with  a  dry  cloth,  it 
acquires  the  power  of  attracting  light  bodies,  as  feathers,  dust,  or  bits 
of  paper ;  this  is  the  result  of  a  new  and  peculiai*  condition  of  the  body 
rubbed,  called  electrical  excitation. 

If  a  light  downy  feather  be  suspended  by  a  thread  of  white  silk, 
and  a  dry  glass  tube,  excite(J.  by  rubbing,  be  presented  to  it,  the 
feather  will  be  strongly  attracted  to  the  tube,  adhere  to  its  surface  for 
a  few  seconds,  and  then  fall  off.  If  the  tube  be  now  excited  anew, 
and  presented  to  the  feather,  the  latter  will  be  strongly  repelled. 

The  same  experiment  maybe  repeated  with  shellac  or  resin;  the 
feather  in  its  ordinary  state  will  be  drawn  towards  the  excited  body, 
and  after  touching,  again  driven  from  it  with  a  certain  degree  of  force. 

Now,  let  the  feather  be  brought  into  contact  with  the  excited  glass, 
so  as  to  be  repelled  by  that  substance,  and  let  a  piece  of  excited  seal- 
ing-wax be  pi-esented  to  it,  a  degree  of  attraction  will  be  observed  far 
exceeding  that  exhibited  when  the  feather  is  in  its  ordinary  state.  Or, 
again,  let  the  feather  be  made  repulsive  for  sealing-wax,  imd  then  the 
excited  glass  be  presented,  strong  attraction  will  ensue. 

The  reader  will  at  once  see  the  perfect  parallelism  between  the  ef- 
fects described  and  some  of  the  phenomena  of  magnetism ;  the  electri- 
cal excitement  having  a  twofold  nature,  like  the  opposite  polarities  of 
the  magnet.  A  body  to  whicth  one  kind  of  excitement  has  been  com- 
municated is  attracted  by  another  body  in  the  opposite  state,  and' 
repelled  by  one  in  the  same  state.  The  excited  glass  and  resin  being 
to  each  other  as  the  noi'th  and  south  poles  of  a  pair  of  magnetized  bare. 

To  distinguish  these  two  different  forms  of  excitement,  terms  ai-e 
employed,  which,  although  originating  in  some  measure  in  theoretical 
views  of  the  nature  of  the  electrical  disturbance,  may  be  understood 
by  the  student  as  purely  arbitrary  and  distinctive  :  it  is  customaiy  to 
call  the  electricity  manifested  by  glass  positive  or  vitreous,  and  that 
developed  in  the  case  of  shellac,  and  bodies  of  the  same  class,  negative 
or  resinous.  The  kind  of  electiicity  depends  in  some  measure  upon 
the  nature  of  the  surface;  smooth  glass  rubbed  with  silk  or  wool 
becomes  ordinarily  positive,  but  when  ground  or  roughened  by  sand  or 
emery,  it  acquires,  under  the  same  circumstances,  a  negative  charge. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is  taken 
advantage  of  to  construct  instruments  for  indicating  electrical  excite- 
ment and  pointing  out  its  kind.  Two  biills  of  alder-pith,  hung  by 
threads  or  very  fine  metal  wires,  serve  this  purpose  in  many  cases  ; 
they  open  out  when  excited  in  virtue  of  their  mutual  repulsion,  and 
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show  by  the  degree  of  divergence  the  extent  to  which  the  excitenaent 
has  been  carried.  A  pair  of  gold  leaves  suspended  beneath  a  bell  jar, 
and  communicating  with  a  metal  cap  above,  constitute  a  much  more 

Fig.  59.  P^g-  60- 


delicate  arrangement,  and  one  of  great  value  in  all  electrical  investi- 
gations. These  instruments  are  called  electroscopes  or  electrometers  : 
when  excited  by  the  communication  of  a  known  kind  of  electricity, 
they  show,  by  an  increased  or  diminished  divergence,  the  state  of  an 
electrified  body  brought  into  their  neighbourhood. 

One  kind  of  electricity  can  no  more  be  developed  without  the  other 
than  one  kind  of  magnetism ;  the  rubber  and  the  body  rubbed  always 
assume  opposite  states,  and  the  positive  condition  on  the  surface  of  a 
mass  of  matter  is  invariably  accompanied  by  a  negative  state  in.  all 
surrounding  bodies. 

The  induction  of  magnetism  in  soft  iron  has  its  exact  counterpart 
in  electricity;  a  body  already  electrified  disturbs  or  polarizes  the  par- 
ticles of  all  surrounding  substances  in  the  same  manner  and  according 
to  the  same  law,  inducing  a  state  opposite  to  its  own  in  the  nearer 
portions,  and  a  similar  state  in  the  more  remote  parts.  A  series  of 
globes  suspended  by  silk  threads,  in  the  manner  represented,  will  each 


Fig.  61. 


become  electric  by  induction  when  a  charged  body  is  brought  near  the 
end  of  the  series,  like  so  many  pieces  of  iron  in  the  vicinitv  of  a 
magnet,  the  positive  half  of  each  globe  looking  in  one  and  the  same 
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direction,  and  the  negative  half  in  the  opposite  one.  The  positive 
and  negative  signs  are  intended  to  i-eprescnt  the  states. 

The  intensity  of  the  induced  electrical  disturbance  diminishes  with 
the  distance  from  the  charged  body;  if  this  be  removed  or  discharged, 
all  the  effects  cease  at  once. 

So  far,  tlie  greatest  resemblance  may  be  traced  between  these  two 
sets  of  phenomena ;  but  here  it  seems  in  gi-eat  measure  to  cease.  The 
magnetic  polarity  of  a  piece  of  steel  can  "awaken  polarity  in  a  second 
piece  in  contact  with  it  by  the  act  of  induction,  and  in  so  doing  loses 
nothing  whatever  of  its  power :  this  is  an  effect  completely  different 
from  the  apparent  transfer  or  discharge  of  electricity  constantly  wit- 
nessed, which  in  the  air  and  in  liquids  often  gives  rise  to  the  appear- 
ance of  a  bright  spark  of  fire.  Indeed,  ordinary  magnetic  effects 
comprise  two  gi-oups  of  phenomena  only,  those  namely  of  attraction 
and  repulsion,  and  those  of  induction.  But  in  electricity,  in  addition 
to  phenomena  very  closely  resembling  these,  we  have  the  eflects  of 
discharge,  to  which  there  is  notliing  analogous  in  magnetism,  and 
which  takes  place  in  an  instant  when  any  electrified  body  is  put  in 
communication  with  the  eai'th  by  any  one  of  the  class  of  substances 
called  conductors  of  electricity  ;  all  signs  of  electrical  disturbance  then 
ceasing. 

These  conductors  of  electricity,  which  thus  permit  discharge  to 
take  place  through  their  mass,  are  contrasted  with  another  class  of 
substances  called  non-conductors  or  insulators.  The  difference,  how- 
ever, is  only  one  of  degree,  not  of  kind  ;  the  very  best  conductors  offer 
a  certain  resistance  to  the  electrical  discharge,  and  the  most  perfect 
insulators  permit  it  to  a  small  extent.  The  metals  are  by  far  the 
best  conductors;  glass,  silk,  shellac,  and  diy  gas,  or  vapour  of  any 
sort,  the  very  worst;  and  between  these  there  are  bodies  of  all 
degrees  of  conducting  power. 

Electrical  discharges  take  place  silently  and  without  disturbance  in 
good  conductors  of  sufficient  size.  But  if  the  charge  be  very  intense, 
and  the  conductor  veiy  small  or  imperfect  from  its  nature,  it  is  often 
destroyed  with  violence. 

When  a  break  is  made  in  a  conductor  employed  in  effecting  the  dis- 
charge of  a  highly-excited  body,  disruptive  or  spark-discharge,  so  well 
known,  takes  place  across  the  intervening  air,  provided  the  ends  of 
the  conductor  be  not  too  distant.  The  electrical  spark  itself  presents 
many  points  of  interest  in  the  modifications  to  which  it  is  liable. 

The  time  of  ti-ansit  of  the  electrical  wave  thi-ough  a  chain  of  good 
conducting  bodies  of  great  length  is  so  minute  as  to  be  altogether 
inappreciable  to  ordinai-y  means  of  observation.  Professor  Wheat- 
stone's  very  ingenious  experiments  on  the  subject  give,  in  the  instance 
of  motion  through  a  copper  wire,  a  velocity  approaching  that  of  light. 

Electrical  excitation  is  apparent  only  upon  the  surfaces  of  bodies, 
or  those  portions  directed  towards  other  objects  capable  of  assuming 
the  opposite  state.  An  insulated  ball  charged  with  positive  electricity, 
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and  placed  in  the  centre  of  the  room,  is  maintained  in  that  state  by 
the  inductive  action  of  the  walls  of  the  apartment,  which  immediately 
become  negatively  electrified  ;  in  the  intei'ior  of  the  ball  there  is  abso- 
lutely no  electi'icity  to  be  found,  although  it  may  be  constructed  of 
open  metal  gauze,  with  meshes  half  an  inch  wide.  Even  on  the  sur- 
face the  distribution  of  electrical  force  will  not  always  be  the  same ; 
it  will  depend  upon  the  figure  of  the  body  itself,  and  its  position  with 
regai-d  to  surrounding  objects.  The  polarity  will  always  be  liighest 
in  the  projecting  extremities  of  the  same  conducting  mass,  and  greatest 
of  all  when  these  are  attenuated  to  points,  in  which  case  the  inequa- 
lity becomes  so  great  that  discharge  takes  place  to  the  air,  and  the 
excited  condition  cannot  be  maintained. 

The  construction  and  use  of  the  common  electrical  machine,  and 
other  pieces  of  apparatus  of  great  practical  utility,  will,  by  the  aid  of 
these  principles,  become  intelligible. 

Pig.  62. 


A  glass  cylmder  is  mounted  with  its  a.xis  in  a  horizontal  position, 
and  provided  with  a  handle  or  winch  by  which  it  may  be  turned  A 
leather  cushion  is  made  to  press  by  a  spring  against  one  side  of  the 
cylmder  while  a  large  metal  conducting  body,  armed  with  a  number 
of  points  next  the  glass,  occupies  the  other;  both  cushion  and  con- 
ductor are  insulated  by  glass  supports,  and  to  the  upper  edge  of  the 

cylmder.    Upon  the  cushion  is  spread  a  quantity  of  a  soft  amalo-am 
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of  tin,  zinc,  and  mercury,*  mixed  up  with  a  little  grease ;  this  sub- 
stance is  found  by  experience  to  excite  glass  most  powerfully.  The 
cylinder  as  it  turns  thus  becomes  charged  by  friction  against  the 
rubber,  and  as  quickly  discharged  by  the  row  of  points  attached  to 
the  great  conductor ;  and  as  the  latter  is  also  completely  insulated,  its 
surface  speedily  acquires  a  chai-ge  of  positive  electricity,  which  may 
be  communicated  by  contact  to  other  insulated  bodies.  The  maxi- 
mum eflect  is  produced  when  the  rubber  is  connected  by  a  chain  or 
wire  with  the  earth.  If  negative  electricity  be  wanted,  the  rubber 
must  be  insulated  and  the  conductor  dischai-ged. 

Fig.  63. 


Another  form  of  the  electrical  machine  consists  of  a  circular  plate 
of  glass  moving  upon  an  axis,  and  provided  with  two  pairs  of  cushions 
or  rubbers,  attached  to  the  upper  and  lower  parts  of  the  wooden  frame, 
covered  with  amalgam,  between  which  the  plate  moves  with  consider- 
able friction.  An  insulated  conductor,  armed  as  before  with  points, 
discharges  the  plate  as  it  turns,  the  rubbei's  being  at  the  same  time 
connected  with  the  ground  by  the  wood-work  of  the  machine,  or  by 
a  strij)  of  metal.  This  modification  of  the  apparatus  is  preferred  in  all 
cases  where  considerable  power  is  wanted. 

•  1  part  tin,  1  zinc,  and  6  mercury. 
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In  the  practical  management  of  electrical  apparatus,  great  care  must 
be  taken  to  prevent  deposition  of  moisture  from  the  air  upon  the  sur- 
face of  the  glass  supports,  which  should  always  be  varnished  with  fine 
lac  dissolved  in  alcohol;  the  slightest  film  of  water  is  sufficient  to 
destroy  the  power  of  insulation.  The  rubbers  also  must  be  carefully 
dried  before  |,use,  and  .  the  amalgam  renewed  if  needful ;  in  damp 
weather  much  trouble  is  often  experienced  in  bringing  the  machine 
into  powerful  action. 

When  the  conductor  of  the  machine  is  chai-ged  with  electricity,  it  acts 
indirectly  on,  and  accumulates  the  contrary  electricity  to  its  own,  at 
the  surface  of  all  the  surrounding  conductors.  It  produces  the  greatest 
effect  on  the  conductor  that  is  nearest  to  it,  and  which  is  in  the  best 
connexion  with  the  gi-ound  whereby  the  electricity  of  the  same  kind 
as  that  of  the  machine  may  pass  to  the  earth.  As  the  inducing  elec- 
ti-icity  attracts  the  induced  electricity  of  an  opposite  kind  ;  so,  on  the 
other  hand,  is  the  former  attracted  by  the  latter.  Hence,  the  fluid 
which  the  conductor  receives  from  the  machine  must  especially  accu- 
mulate at  that  spot  to  vdiich  another  good  conductor  of  electricity  is 
opposed.  If  a  metal  aisc  is  in  connexion  with  the  conductor  of 
a  machine,  and  if  another  similar  disc,  which  is  in  good  connexion 
with  the  earth,  is  placed  opposite  to  it,  we  have  an  arrangement  by 
which  tolerably  large  and  good  conducting  surfaces  can  be  brought 
close  to  one  another ;  thus  the  positive  condition  of  the  first  disc,  as 
well  as  the  negative  condition  of  the  other,  must  be  increased  to  a 
very  considerable  degree;  the  limit  is  in  this  case,  however,  soon 
reached,  because  the  intervening  air  easily  permits  spark  discharge  to 
take  place  through  its  substance.  With  a  solid  insulating  body,  as 
glass  or  lac,  this  happens  with  much  greater  difficulty,  even  when  the 
plate  of  insulating  matter  is  very  thin.  It  is  on  this  principle  that 
instruments  for  the  accumulation  of  electricity  depend,  among  which, 
the  Leyden  jar  is  the  most  important. 

A  thin  glass  jar  is  coated  on  both  sides  with  pig,  64. 

tin-foil,  care  being  taken  to  leave  several  inches  of 
the  upper  part  uncovered  ;  a  wire,  terminating  in 
a  metalhc  knob,  communicates  with  the  internal 
coating.  When  the  outside  of  the  jar  is  connected 
with  the  earth,  and  the  knob  put  in  contact  with 
the  conductor  of  the  machine,  the  iimer  and  outer 
surfaces  of  the  glass  become  respectively  positive 
and  negative,  until  a  very  great  degree  of  inten- 
sity has  been  attained.  On  completing  the  con- 
nexion between  the  two  coatings  by  a  njetallic  wire 
or  rod,  discharge  occurs  in  the  form  of  an  exceed- 
ingly bright  spark,  accompanied  by  a  loud  snap ; 
and  if  the  body  be  interposed  in  the  circuit,  the 
peculiar  and  disagreeable  sensation  of  the  electric 
shock  is  felt  at  the  moment  of  its  completion. 
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By  enlarging  the  dimensions  of  the  jar,  or  by  connecting  together 
a  number  in  such  a  manner  that  all  may  be  charged  and  discharged 
simultaneously,  the  power  of  the  apparatus  may  be  greatly  augmented. 
Thin  wires  of  metal  may  be  fused  and  dissipated ;  pieces  "of  wood 
may  be  shattered,  many  combustible  substances  set  on  fire,  and  all 
the  well-known  effects  of  lightning  exhibited  upon  a  small  scale. 

The  electric  spark  is  often  very  conveniently  employed  in  chemical 
inquiries  for  firing  gaseous  mixtures  in  close  vessels.  A  small  Leyden 
jar  charged  by  the  machine  is  the  most  effective  contrivance  for  this 
purpose;  but,  not  unfrequently,  a  method  may  be  resorted  to  which 
involves  less  preparation.  This  is  by  the  use  of  the  electrophorus.  A 
round  tray  or  dish  of  tinned  plate  is  prepared,  having  a  stout  wire 

round  its  upper  edge;  the 
■  width  may  be  about  twelve 


inches,  and  the  depth  half  an 
inch.  This  tray  is  filled  with 
melted  shellac,  and  the  surface 
rendered  as  even  as  possible. 
A  brass  disc,  with  rounded 
edge,  of  about  nine  inches  dia- 
meter, is  also  provided,  and 
fitted  with  an  insulating  handle. 
When  a  spai'k  is  wanted,  the 


resinous  plate  is  excited  by 
striking  with  a  diy,  warm  piece  of  fur,  or  a  silk  handkerchief ;  the 
cover  is  placed  upon  it,  and  touched  by  the  finger.  When  the  cover 
is  raised,  it  is  found  so  strongly  charged  by  induction  with  positive 
electricity,  as  to  give  a  bi'ight  spark ;  and,  as  the  resin  is  not  dis- 
charged by  the  cover,  which  merely  touches  it  at  a  few  points,  sjiarks 
may  be  drawn  as  often  as  may  be  wished. 

It  is  not  Imown  to  what  cause  the  disturbance  of  the  electrical 
equilibrium  of  the  atmosphere  is  due ;  experiment  has  shown  that  the 
higher  regions  of  the  air  are  usually  in  a  positive  state,  the  intensity 
of  which  reaches  a  maximum  at  a  particular  period  of  the  day.  In 
cloudy  and  stormy  weather  the  distribution  of  the  atmospheric  elec- 
tricity becomes  much  deranged,  clouds  neai-  the  surface  of  the  earth 
often  appearing  iij  a  negative  state. 

The  circumstances  of  a  thunderstorm  exactly  resemble  those  of  the 
charge  and  discharge  of  a  coated  plate  or  jar  ;  the  cloud  and  the  earth 
represent  tlie  two  coatings,  and  the  intervening  air,  the  bad  conduct- 
ing body  or  dielectric.  The  polarities  of  the  opposed  surface  and  of 
the  insulating  medium  between  them  become  raised  by  mutual  induc- 
tion, until  violent  disruptive  discharge  takes  place  through  the  air 
itself,  or  through  any  other  bodies  which  may  happen  to  be  in  the 
interval.  When  these  are  capable  of  conducting  freely,  the  discharge 
is  silent  and  haimless ;  but  in  other  cases  it  often  proves  highly  de- 
structive.    These  dangerous  effects   are  now  in  a  great  measure 
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obviated  by  the  use  of  lightning-rods  attached  to  buildings,  the  erection 
of  which,  however,  demands  a  number  of  precautions  not  always 
imderstood  or  attended  to.  The  masts  of  ships  may  be  guarded  in 
like  manner  by  metal  conductors  ;  Sir  W.  Snow  Harris  has  devised  a 
most  ingenious  plan  for  the  purpose,  which  is  now  adopted,  with  the 
most  complete  success  in  the  Royal  Navy. 

ELECTRIC  CURRENT  ;  ELECTRIC  BATTERY. 

When  two  solid  conducting  bodies  are  plunged  into  a  liquid  which 
acts  upon  them  unequally,  the  electric  equilibrium  is  also  disturbed, 
the  one  acquiring  the  positive  condition,  and  the  other  the  negative. 
Thus,  pieces  of  zinc  and  platinum  put  into  dilute  sulphuric  acid,  con- 
stitute an  arrangement  capable  of  generating  electrical  force  :  the  zinc 
being  the  metal  attacked,  becomes  negative ;  and  the  platinum  re- 
maining unaltered,  assimies  the  positive  condition ;  and  on  making  a 
metallic  communication  in  any  way  between  the  two  plates,  dischai'ge 
ensues,  as  when  the  two  surfaces  of  a  coated  and  charged  jai-  are  put 
into  connexion. 

No  sooner,  however,  has  this  occurred,  than  the  disturbance  is  re- 
jjeated ;  and  as  these  successive  charges  and  discharges  take  place 
through  the  fluid  and  metals  with  inconceivable  rapidity,  the  result  is 
an  apparently  continuous  action,  to  which  the  term  electrical  current 
is  given. 

It  is  necessaiy  to  guard  against  the  idea  which  the  tenn  naturally 
suggests,  of  an  actual  bodily  transfer  of  something  thro\igh  the  sub- 
stance of  the  conductors,  like  water  through  a  pipe;  the  real  nature  of 
all  these  phenomena  is  entirely  unknown,  and  may  perhaps  remain 
so ;  the  expression  is  convenient  notwithstanding,  and  consecrated  by 
long  use ;  and  with  this  caution,  the  very  dangerous  error  of  applying 
figurative  language  to  describe  an  effect,  and  then  seeking  the  nature 
of  the  effect  from  the  common  meaning  of  words,  may  be  avoided. 

The  intensity  of  the  electrical  excitement  developed  by  a  single 
pair  of  metals  and  a  liquid  is  too  feeble  to  affect  pig,  66. 
the  most  delicate  gold-leaf  electroscope  ;  but,  by 
arranging  a  number  of  such  alterations  in  a  con- 
nected series,  in  such  a  manner  that  the  direction 
of  the  current  shall  be  the  same  in  each,  the  inten- 
sity may  be  very  greatly  exalted.  The  two  instru- 
ments invented  by  Volta,  called  the  pile  and  crown 
of  cups,  depend  upon  this  principle. 

Upon  a  plate  of  zinc  is  laid  a  piece  of  cloth, 
rather  smaller  than  itself,  steeped  in  dilute  acid, 
or  any  liquid  capable  of  exerting  chemical  action  m^^^z 
upon  the  zinc ;  upon  this  is  placed  a  plate  of  I  I'' 

copper,  silver,  or  platinum  ;  then  a  second  piece  of  tillH  pHi'""M|^ 

zinc,  another  cloth,  and  plate  of  inactive  metal,  V  
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until  a  pile  of  about  twenty  alterations  has  been  built  up.  If  the 
two  terminal  plates  be  now  tpuched  with  wet  hands,  the  sensation  of 
the  electric  shociv  will  be  experienced  ;  but,  unlike  the  momentary  effect 
jjroduced  by  the  discharge  of  a  jar,  the  sensation  can  be  repeated  at 
will  by  repeating  the  contact,  and  with  a  pile  of  one  hundred  such 
pairs,  excited  by  dilute  acid,  it  will  be  neaidy  insupportable.  When 
such  a  pile  is  insulated,  the  two  extremities  exhibit  strong  positive  and 
negative  states ;  and  when  connexion  is  made  between  them  by  wires 
armed  with  points  of  hard  charcoal  or  plumbago,  the  discharge  takes 
place  in  the  form  of  a  bright  enduring  spark  or  stream  of  fire. 

The  second  form  of  apparatus,  or  crown  of  cups,  is  precisely  the 
same  in  principle,  although  different  in  appearan(;e.  A  number  of 
cups  or  glasses  are  arranged  in  a  row  or  circle,  each  containing  a 
piece  of  active  and  a  piece  of  inactive  metal,  and  a  portion  of  exciting 

Fig.  67. 


liquid ;  zinc,  copper,  and  dilute  sulphuric  acid,  for  example.  The 
copper  of  the  first  cup  is  connected  with  the  zinc  of  the  second,  the 
copper  of  the  second  with  the  zinc  of  the  third,  and  so  to  the  end  of 
the  series.  On  establishing  a  communication  Ijetweeu  the  first  and  last 
plates  by  means  of  a  wire,  or  otherwise,  discharge  takes  place  as  before. 

When  any  such  electrical  arrangement  consists  merely  of  a  single 
pair  of  conductors  and  an  interposed  liquid,  it  is  called  a  simple 
circuit ;  when  two  or  more  alterations  are  concerned,  the  term  "  con- 
pound  circuit"  is  applied:  they  are  called  also,  indifferently,  voltaic 
batteries.  In  every  form  of  such  apparatus,  however  complex  it  may 
appear,  the  direction  of  the  current  may  be  easily  understood  and 
remembered.  The  polarity  or  disturbance  may  be  considered  to  com- 
mence at  the  surface  of  the  metal  attacked,  and  to  be  propagated 
through  the  liquid  to  the  inactive  conductor,  and  thence  back  again  by 
the  connecting  wire,  these  extremities  of  the  battery  being  always 
respectively  negative  and  positive  when  the  apparatus  is  insulated. 
In  common  parlance,  it  is  said  that  the  current  in  every  battery  in  an 
active  state  starts  from  the  metal  attacked,  passes  through  the  liquid 
to  the  second  metal  or  conducting  body,  and  returns  by  the  wire  or 
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Other  channel  of  communication  ;  hence,  in  the  pile  and  crown  of  cups 
just  described,  the  current  in  the  battery  is  always  from  the  zinc  to 
the  copper ;  and  mt  of  the  battery,  trom  the  copper  to  the  zinc,  as 
shown  by  the  arrows. 

in  the  modification  of  Volta's  original  pile,  made  by  Mr.  Cruil<- 
shank,  the  zinc  and  copper  plates  are  soldered  together  and  cemented 
water-tight  into  a  maliogany  trough,  which  thus  becomes  divided  into 
a  series'of  cells  or  compaitments  capable  of  receiving  the  exciting 
liquid.  This  apparatus  is  well  fitted  to  exhibit  effects  of  tension, 
to  act  upon  the  electi-oscope  and  give  shocks  ;  hence  its  advantageous 
employment  in  the  application  of  electricity  to  medicine,  as  a  very  few 


Fig.  68. 


minutes  suffices  to  prepare  it  for  use.  The  crown  of  cups  was  also  put 
into  a  much  more  manageable  form  by  Dr.  Babington,  and  still 
farther  improved,  as  will  hereafter  be  seen,  by  Di\  WoIIaston.  Sub- 
sequently, various  alterations  have  been  made  by  diflei'ent  experi- 
menters with  a  view  of  obviating  certain  defects  in  the  common 
batteries,  of  which  a  description  will  be  found  towards  the  middle  of 
the  volume. 

The  term  "  galvanism,"  sometimes  applied  to  this  branch  of  elec- 
trical science,  is  used  in  honour  of  Professor  Galvani,  of  Bologna, 
who,  in  1790,  made  the  very  curious  observation  that  convulsions 
could  be  produced  in  the  limbs  of  a  dead  frog  when  certain  metals 
were  made  to  touch  the  nerve  and  muscle  at  the  same  moment.  It 
was  Volta,  however,  who  pointed  out  the  electrical  origin  of  these 
motions,  and  although  the  explanation  he  offered  of  the  source  of  the 
electrical  disturbance  is  no  longer  generally  adopted,  his  name  is  very 
properly  associated  with  the  invaluable  instrument  his  genius  gave  to 
science. 

In  the  year  1822  Professer  Seebeck,  of  Berlin,  discovered  another 
source  of  electricity,  to  which  allusion  has  already  been  made,  namely, 
inequality  of  temperatui-e  and  conducting  power  in  different  metals 
placed  in  contact,  or  in  the  same  metal  in  different  states  of  com- 
pression and  density.  Even  with  a  gi-eat  number  of  alternations,  the 
current  produced  is  exceedingly  feeble  compared  with  that  generated 
by  the  voltaic  jjile. 

Two  or  three  animals  of  the  class  of  fishes,  as  the  torpedo,  or  electric 
ray,  and  the  electric  eel  of  South  America,  are  furnished  with  a  special 
organ  or  apparatus  for  developing  electrical  force,  which  is  employed 
in  defence,  or  in  the  pursuit  of  prey.    Electricity  is  here  seen  to  be 
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closely  connected  with  nervous  power ;  the  shock  is  given  at  the 
will  of  the  animal,  and  great  exhaustion  follows  repeated  exertion  of 
the  power. 

ELECTRO-MAGNETISM. 

Although  the  fact  that  electricity  is  capable,  under  certain  circum- 
stances, both  of  inducing  and  of  destroying  magnetism,  has  long  been 
known,  from  the  effects  of  lightning  on  the  compass-needle  and  upon 
small  steel  articles,  as  knives  and  forks,  to  which  polarity  has  sud- 
denly been  given  by  the  stroke,  it  was  not  until  1819,  that  the  laws  ot 
these  phenomena  were  discovered  by  Professor  ffirsted,  of  Copen- 
hagen, and  shortly  afterwards  fully  developed  by  M.  Ampere. 

The  action  which  a  current  of  electricity,  proceeding  from  any 
source,  exerts  upon  a  magnetized  needle  is  quite  peculiar.  The  poles 
or.  centres  of  magnetic  force  are  neither  attracted  nor  repelled  by 
the  wire  carrying  the  current,  but  made  to  move  around  the  latter, 
by  a  force  which  may  be  teiTned  tangential,  and  which  is  exerted  in  a 
direction  perpendicular  at  once  to  that  of  the  current,  and  to  the  line 
joining  the  pole  and  the  wire.  Both  poles  of  the  magnet  being  thus 
acted  upon  at  the  same  time,  and  in  contrary  directions,  the  needle  is 
forced  to  arrange  itself  across  the  current,  so  that  its  axis,  or  the  line 
joining  the  poles,  may  be  perpendicular  to  the  wire ;  and  this  is 
always  the  position  which  the  needle  will  assume  when  the  influence 
of  terrestrial  magnetism  is  in  any  way  removed.  This  curious  angular 
motion  may  even  be  shown  by  suspending  a  magnet  in  such  a  way 
that  only  one  of  its  poles  shall  be  subjected  to  the  cmrent  ;  a  perma- 
nent movement  of  rotation  will  continue  as  long  as  the  current  is  kept 
up,  its  direction  being  changed  by  altering  the  pole,  or  reversing  the 
cui-rent.  The  moveable  connexions  are  made  by  mercury,  into  which 
tlie  points  of  the  conducting-wires  dip.  It  is  often  of  great  practical 
consequence  to  be  able  to  predict  the  direction  in  which  a  particular 
pole  shall  move  by  a  given  current,  because  in  all  galvanoscopes,  and 
other  instruments  involving  these  principles,  the  movement  of  the 
needle  is  taken  as  an  indication  of  the  direction  of  the  circulating 
cun-ent.  And  this  is  easily  done  by  a  simple  mechanical  aid  to  the 
memory  : — Let  the  current  be  supposed  to  pass  through  a  watch  from 

Fiy.  69. 
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the  face  to  the  back;  the  motion  of  the  north  ])ole  will  be  iu  tiic 
direction  of  the  liands.    Or  a  little  piece  of  apparatus  may  be  used  if 
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reference  is  often  required  ;  this  is  a  piece  of  pastebocard,  or  other 
suitable  material  cut  into  the  form  of  an  arrow  for  indicating  the 
current,  crossed  by  a  magnet  having  its  poles  marked,  and  arranged  in 
the  true  position  witli  respect  to  the  current.  The  direction  of  the 
latter  in  the  wire  of  the  galvanoscope  can  at  once  be  known  by 
placing  the  representative  magnet  in  the  direction  assumed  by  the 
needle  itself. 

The  common  galvanoscope,  consisting  of  a  coil  of  wii'e  having  a 
compass-needle  suspended  on  a  point  within  it,  is  greatly  improved  by 
the  addition  of  a  second  needle,  as  already  in  part  described,  and 
by  a  better  mode  of  suspension,  a  long  fibre  of  silk  being  used  for 
the  pui-pose.  The  two  needles  are  of  equal  size,  and  magnetized 
as  nearly  as  possible  to  the  same  extent ;  they  are  then  immovably 
fixed  together,  parallel,  and  with  their  poles  opposed,  and  hung  with 
the  lower  needle  in  the  coil  and  the  upper  one  above  it.  The  ad- 
vantage gained  is  twofold  ;  the  system  is  astatic,  unaffected,  or  nearly 
so,  by  the  magnetism  of  the  earth  ;  and  the  needles  being  both  acted 
upon  in  the  same  manner  by  the  current,  are  urged  with  much 
greater  force  than  one  alone  would  be,  all  the  actions  of  every  part  of 
the  coil  being  strictly  concurrent.  A  divided  circle  is  placed  below 
the  upper  needle,  by  which  the  angular  motion  can  be  measured  ;  and 
the  whole  is  inclosed  in  glass,  to  shield  the  needles  from  the  agitation 
of  the  air.    The  whole  is  shown  in  fig.  70. 


The  action  between  the  pole  and  the  wire  is  mutual,  as  may  be 
shown  by  rendering  the  wire  itself  moveable  and  placino-  a  mao-net  in 
Its  vicinity  :  on  completing  the  circuit  the  wire  will  be  put  in  motion 
and,  if  the  ari'angcment  permits,  rotate  around  the  magnetic  pole 

A  little  consideration  will  show,  that,  from  the  peculiar  nature  of  the 
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electro-dynamic  force,  a  wire  carrying  a  current,  bent  into  a  spiral  or 
helix,  must  possess  the  properties  of  an  ordinary  magnetized  bar, 
its  extremities  being  attracted  and  repelled  by  the  poles  of  a  magnet! 
Such  is  really  found  to  be  the  case,  as  may  be  prored  by  a  variety  of 
arrangements,  among  which  it  will  be  sufficient  to  cite  the  beautiful 
little  apparatus  of  Professor  de  la  Rive. — A  short  wide  glass  tube 

is  fixed  into  a  cork  ring  of  consider- 
able size ;  a  little  voltaic  battery,  con- 
sisting of  a  single  pair  of  copper  and 
zinc  plates  is  fitted  to  the  tube,  and 
to  these  the  ends  of  the  spiral  are  sol- 
dered.   On  filling  the  tube  with  dilute 
acid  and  floating  the  whole  in  a  lai-ge 
basin  of  water,  the  helix  will  be  ob- 
served to  ai-range  itself  in  the  magnetic 
meridian,  and  on  trial  it  will  be  found 
to  obey  a  magnet  held  near  it  in  the 
most  perfect  manner,  as  long  as  the 
current  circulates. 
When  an  electric  current  is  passed  at  right  angles  to  a  piece  of  iron 
or  steel,  the  latter  acquires  magnetic  polarity,  either  temporary  or  per- 
manent as  the  case  may  be,  the  direction  of  the  current  determining 
the  position  of  the  poles.    This  effect  is  prodigiously  increased  by 
causing  the  current  to  circidate  a  number  of 
times  round  the  bar,  which  then  acquires  ex- 
traordinary magnetic  power.    A  piece  of  soft 
iron,  worked  into  the  form  of  a  horse-shoe,  and 
surrounded  by  a  coil  of  copper  wire  covered 
with  silk  or  cotton  for  the  purpose  of  insulation, 
furnishes  an  excellent  illustration  of  the  induc- 
tive energy  of  the  current  in  this  respect ;  when 
the  ends  of  the  wire  are  put  into  communication 
with  a  small  voltaic  battery  of  a  single  pair  of 
plates,  the  ii'on  instantly  becomes  so  highly 
magnetic  as  to  be  capable  of  sustaining  a  very 
heavy  weight. 

MAGNETO-ELECTRICITY. 

A  current  of  electricity  can  thus  develop 
magnetism  in  a  transverse  direction  to  its  own  ; 
in  the  same  manner,  magnetism  can  call  into 
activity  electric  currents.  If  the  two  extremi- 
ties of  the  coil  of  the  electro-magnet  above  de- 
scribed be  connected  with  a  galvanoscope,  and 
the  iron  magnetized  by  the  application  of  a 
2)ermanent  steel  horse-shoe  magnet  to  the  ends 
bf  the  btir,  a  momentary  current  will  be  developed  in  tlie  wire,  ami 
pointed  out  by  the  movement  of  the  needle.    It  lasts  but  a  single 
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instant,  the  needle  returning  after  a  few  oscillations  to  a  state  of  rest. 
On  removing  the  magnet,  whereby  the  polarity  of  the  iron  is  at  once 
destroyed,  a  second  current  or  wave  will  become  apparent,  but  in  the 
opposite  direction  to  that  of  the  first.  By  employing  a  very  powerful 
steel  magnet,  surrounding  its  iron  keeper  or  armature  with  a  very  long 
coil  of  wire,  and  then  maldng  the  armature  itself  I'otate  in  front  of  the 
faces  of  the  magnet,  so  that  its  induced  polarity  shall  be  rapidly  reversed, 
magneto-electric  currents  may  be  produced,  of  such  intensity  as  to  give 
bright  sparks  and  most  powerful  shocks,  and  exhibit  all  the  phenomena 
of  voltaic  electricity.  Fig.  73  represents  a  very  powerful  arrangement 
of  this  kind. 

Fig.  73. 


W  hen  two  covered  wires  are  twisted  together  or  laid  side  bv  side 
for  some  distance,  and  a  current  transmitted  through  the  one,  a  mo- 
mentary electrical  wav^  will  be  induced  in  the  other  in  the  reverse 
dn-ection  and  on  breaking  connexion  with  the  battery,  a  second  single 
wave  will  become  evident  by  the  aid  of  the  galvanoscope,  in  the  same 
direction  as  that  of  the  primary  cun-ent.  In  the  same  way  when  a 
current  of  electricity  passes  through  one  turn  in  a  coil  of  wire,  it 
induces  two  secondary  currents  in  all  the  other  turns  of  the  coil; 
when  the  circuit  is  closed,  the  first  is  moving  in  the  opposite  direction 
to  the  primary  current ;  the  second,  when  the  circuit  is  broken,  has 
a  motion  m  the  same  direction  as  the  primary  current.    The  effect  of 
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the  latter  is  added  to  that  of  the  primary  current.  Hence,  if  a  wire 
coil  be  made  part  of  the  conducting  wire  of  a  weak  electric  pile,  and 
if  the  primary  current,  by  means  of  an  appropriate  arrangement,  be 
made  and  broken  in  rapid  succession,  we  can  increase  in  a  remark- 
able manner  the  efiects  which  are  produced  at  the  moment  of  break- 
ing the  circuit  either  at  the  place  of  interruption — such  as  the  spark- 
discharges  ;  or,  in  secondary  closing  conductors,  such  as  the  action 
on  the  nerves  or  the  decomposition  of  water. 

M.  Ampfere  discovered  in  the  course  of  his  investigations  a  number 
of  extremely-interesting  phenomena  resulting  from  the  action  of  elec- 
trical currents  on  each  other,  which  become  evident  when  arrange- 
ments are  made  for  giving  mobility  to  the  conducting-wires.  He 
found,  that  when  two  cuiTents  flowing  in  the  same  direction  were 
made  to  approach  each  other,  strong  attraction  took  place  between 
them,  and,  when  in  opposite  directions,  an  equally  strong  repulsion. 
These  effects,  which  are  not  difficult  to  demonstrate,  have  absolutely 
no  relation  that  can  be  traced  to  ordinary  electrical  attractions  and 
repulsions,  from  which  they  must  be  carefully  distinguished  ;  they  are 
purely  dynamic,  having  to  do  with  electricity  in  motion.  M.  Amp&re 
founded  upon  this  discovery  a  most  beautiful  and  ingenious  hjipothesis 
of  magnetic  actions  in  general,  which  explains  very  cleaidy  the  influ- 
ence of  the  current  upon  the  needle. 

ELECTRICITY  OF  VAPOUR. 

The  electricity  exhibited  under  certain  peculiar  cii-cumsttmces  by  a 
jet  of  steam,  first  observed  by  mere  accident,  but  since  closely  inves- 
tigated by  Mr.  Armstrong,  and  also  by  Mr.  Faraday,  is  now  referred 
to  the  friction,  not  of  the  pure  steam  itself,  but  of  particles  of  con- 
densed water,  against  the  interior  of  the  exit  tube.  It  is  very  doubt- 
ful whether  mere  evaporation  can  cause  electrical  disturbance,  and  the 
hope  first  entertained  that  these  phenomena  would  throw  light  upon 
the  cause  of  electrical  excitement  in  the  atmosphere,  is  now  abandoned. 
The  steam  is  usually  positive,  if  the  jet-pipe  be  constructed  of  wood  or 
clean  metal,  but  the  introduction  of  the  smallest  trace  of  oily  matter 
causes  a  change  of  sign.  The  intensity  of  the  change  is,  ceteris  paribus, 
increased  with  the  elastic  force  of  the  steam.  By  this  means  effects 
have  been  obtained  very  far  surpassing  those  of  the  most  powerful 
plate  electrical  machines  ever  constructed. 
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The  teim  element  or  elementanj  substance  is  applied  in  chemistry 
to  those  fonns  or  modificatious  of  matter  which  have  hitherto  resisted 
all  attempts  to  decompose  them.  Nothing  is  ever  meant  to  be  affirmed 
concerning  their  real  nature  ;  they  are  simply  elements  to  us  at  the 
present  time  ;  hereafter,  by  new  methods  of  research,  or  by  new  com- 
binations of  those  already  possessed  by  science,  many  of  the  substances 
which  now  figure  as  elements  may  possibly  be  shown  to  be  com- 
pounds; this  has  already  happened,  and  may  again  take  place. 

The  elementary  bodies,  at  present  recognized,  amount  to  sixty-two 
in  number  ;  of  these,  about  forty-seven  belong  to  the  class  of  metals. 
Several  of  these  axe  of  recent  discovery  and  as  yet  very  imperfectly 
known.  The  distinction  between  metals  and  non-metallic  substances, 
although  very  convenient  for  purposes  of  description,  is  entirely  arbi- 
trary, since  the  two  classes  graduate  into  each  other  in  the  most 
complete  manner. 

It  will  be  pi-oper  to  commence  with  the  latter  and  less  numerous 
division.  The  elements  are  named  as  in  the  subjoined  table,  which 
however  does  not  indicate  the  order  in  which  they  will  be  discussed. 


NON-METALLIC 
ELEMENTS. 

Oxygen 

Hydrogen 

Nitrogen 

Chlorine 

Iodine 


Antimony 
Chromium 
Vanadium 
Tungsten 


METALS. 

Gold 

Aluminium 
Berryllium 

(or  Glucinum) 
)  Zirconium 


Bromine 

Molybdenum 

Norium 

Fluorine 

Tantalum 

Thorium 

Carbon 

(or  Columbi 

um)Yttrium 

Silicon 

Niobium 

Cerium 

Boron 

Pelopium 

Erbium 

Sulphur 

Titanium 

Terbium 

Selenium 

Uranium 

Lantanum 

Phosphorus. 

Platinum 

Didymium 

Palladium 

Bismuth 

ELEMENTS  OF  INTER- 

Rhodium 

Tin 

MEDIATE  CHARACTERS.Iridium 

Mercury 
Silver 

Arsenic 

Ruthenium 

Tellurium 

Osmium 

Lead 

Barium 

Strontium 

Calcium 

Magnesium 

Zinc 

Cadmium 

Nickel 

Cobalt 

Copper 

Iron 

Manganese 
Lithium 
Sodium 
Potassium. 


104 


OXYGEN. 


OXTCEN. 

Whatever  plan  of  classification,  founded  on  the  natural  relations  of 
the  elements,  he  adopted,  in  the  practical  study  of  chemistry,  it  will 
always  be  found  most  advantageous  to  commence  with  the  considera- 
tion of  the  great  constituents  of  the  ocean  and  the  atmosphere. 

Oxygen  was  discovered  in  the  year  1774,  by  Scheele,  in  Sweden, 
and  Dr.  Priestley,  in  England,  independently  of  each  other,  and  de- 
scribed under  the  terms  empyreal  air  and  dephlogisticated  air.  The 
name  oxygen*  was  given  to  it  by  Lavoisier  some  time  afterwards. 
Oxygen  exists  in  a  free  and  uncombined  state  in  the  atmosphere, 
mingled  with  another  gaseous  body,  nitrogen :  no  good  direct  means 
exist,  however,  for  separating  it  fiom  the  latter,  and,  accordingly,  it 
is  always  obtained  for  purposes  of  experiment  by  decomposing  certain 
of  its  compounds,  which  are  very  numerous. 

The  red  oxide  of  mercury,  or  red  precipitate  of  the  old  writers,  may 
be  employed  with  this  view.  In  this  substance  the  attraction  which 
holds  together  the  mercury  and  the  oxygen  is  so  feeble,  that  simple 
exposure  to  heat  suffices  to  bring  about  decomposition.    The  red  pre- 


Fig.  74. 


cipitate  is  placed  in  a  short  tube  of  hard  glass,  to  which  is  fitted  a  per- 
forated cork,  furnished  with  a  piece  of  narrow  glass  tube,  bent  as  in 
the  figure.  The  heat  of  a  spirit  lamp  being  applied  to  the  substance, 
decomposition  speedily  commences,  globules  of  metallic  mercury  collect 
in  the  cool  part  of  the  wide  tube,  which  answers  the  pui'pose  of  a 
•  lYoro  ofv?,  acid,  and  yan/aa,  I  give  rife  to. 
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retort,  while  gas  issues  in  considerable  quantity  from  the  apparatus.* 
This  gas  is  collected  and  examined  by  the  aid  of  the  pneumatic  trough, 
which  consists  of  a  vessel  of  water  provided  with  a  shelf,  upon  which 
stand  the  jars  or  bottles  destined  to  receive  the  gas,  filled  with  water 
and  inverted.  By  keeping  the  level  of  the  liquid  above  the  mouth  of 
the  jar,  the  water  is  retained  in  the  latter  by  the  pressure  of  the  at- 
mosphere, and  entrance  of  air  is  prevented.  When  brought  over  the 
extremity  of  the  gas-delivering  tube,  the  bubbles  of  gas  rising  through 
the  water  collect  in  the  upper  part  of  the  jar  and  displace  the  liquid. 
As  soon  as  one  jar  is  filled,  it  may  be  removed,  still  keeping  its 
mouth  below  the  water-level,  and  another  substituted.  The  whole 
aiTangement  is  shown  in  fig.  74. 

The  experiment  described  is  more  instructive  as  an  excellent  case  of 
the  resolution  by  simple  means  of  a  compound  body  into  its  consti- 
tuents, than  valuable  as  a  source  of  oxygen  gas.  A  better  and  more 
economical  method  is  to  expose  to  heat  in  a  retort,  or  flask  furnished 
with  a  bent  tube,  a  portion  of  the  salt  called  chlorate  of  potassa.  A 
common  Florence  flask  serves  perfectly  well,  the  heat  of  a  spirit-lamp 
being  sufficient.  The  salt  melts  and  decomposes  with  ebullition, 
yielding  a  very  large  quantity  of  oxygen  gas,  which  may  be  collected 
in  the  way  above  described.  The  first  portion  of  the  gas  often  con- 
tains a  little  chlorine.  The  white  saline  residue  in  the  flask  is  chlo- 
ride of  potassium.  This  plan,  which  is  very  easy  of  execution,  is 
always  adopted  when  very  pure  gas  is  required  for  analytical  purposes. f 

A  third  method,  very  good  when  perfect  purity  is  not  demanded,  is 
to  heat  to  redness,  in  an  iron  retort  or  gun-barrel,  the  black  oxide  ot 
manganese  of  commerce,  which  under  these  circumstances  sutlers  de- 
composition, although  not  to  the  extent  manifest  in  the  red  precipitate.J 

If  a  little  of  the  black  oxide  of  manganese  be  finely  powdered  and 
mixed  with  chlorate  of  potassa,  and  this  mixture  heated  in  a  flask  or 
retort  by  a  lamp,  oxygen  will  be  disengaged  with  the  utmost  facility, 
and  at  a  far  lower  temperature  than  when  the  chlorate  alone  is  used. 
All  the  oxygen  comes  from  the  chlorate,  the  manganese  remaining  quite 

»  Chemists  are  in  the  habit  of  representing  the  elements  by  symbols,  and 
their  compounds  by  formuUe.  The  same  symbolical  language  which  is  fully 
explained  in  a  subsequent  section  of  the  work  (General  Principles  of  Chemical 
Philosophy),  is  used  for  representing  the  changes  which  the  chemical  compounds 
undergo.  For  the  lienefit  of  the  advanced  student,  the  formula;  expressing 
the  more  important  decompositions  are  now  given  in  foot  notes.  The  decom- 
position of  oxide  of  mercury  is  thus  represented : — 

^JlgO^  =      Hg         +  0 

Oxidi'  of      Mercury.  Oxygen. 
Mercury, 
t  K0,C105    =  _  KOI 

Chlorate  of    Chloride  of  Po^ 
Potassa.  tassiimi. 


3Mn02    =    ^  MnO.MngOa 

'roto-Sesqui 
Oxide  of 
Manganese. 


Binoxide  of  Proto-Sesqui 
Manganese.  Oxide  of 
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uualtered.  The  materials  should  be  well  dried  in  a  capsule  before  their 
introduction  into  the  flask.  This  experiment  aflbrds  an  instance  of  an 
eflect  by  no  means  rare,  in  which  a  body  seems  to  act  by  its  mere 
presence,  without  taking  any  obvious  part  in  the  change  brought  about. 

Whatever  method  be  chosen — and  the  same  remark  applies  to  the 
collection  of  all  other  gases  by  similar  means— the  first  portions  of 
gas  must  be  suflered  to  escape,  or  be  received  apart,  as  they  are  con- 
taminated by  the  atmospheric  air  of  the  apparatus.  The  practical 
management  of  gases  is  a  point  of  great  importance  to  the  chemical 
student,  and  one  with  which  he  must  endeavour  to  familiarize  himself. 
The  water-trough  just  described  is  one  of  the  most  indispensable 

Fig.  V5. 


ai-ticles  of  the  laboratory,  and  by  its  aid  all  experiments  on  gases  are 
carried  on  when  the  gases  themselves  are  not  sensibly  acted  upon  by 
water.  The  trough  is  best  constructed  of  japanned  copper,  the  form 
and  dimensions  being  regulated  by  the  magnitude  of  the  jars.  It  should 

have  a   firm   shelf,  so  arranged 


Fig.  76. 


filling  the  vessel  into  which  the 


as  to  be  always  about  an  inch 
below  the  level  of  the  water,  and 
in  the  shelf  a  groove  should  be  made 
about  half  an  inch  in  width,  and  the 
same  in  depth,  to  admit  the  extre- 
mity of  the  delivery-tube  beneath 
the  jar,  which  stands  securely 
upon  the  shelf.  When  the  pneu- 
matic trough  is  required  of  toler- 
ably large  dimensions,  it  may  with 
great  advantage  have  the  form 
and  disposition  represented  in  the 
cut  (fig.  75),  one  end  of  the  groove 
spoken  of,  which  crosses  the  shelf 
or  shallow  portion,  is  shown  at  a. 

Gases  are  transferred  from  jar  to 
jar  with  the  utmost  fiicility,  by  first 
aas  is  to  be  passed  with  watei-, 
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inverting  it,  carefally  retaining  its  mouth  below  the  water-level,  and 
then  hanging  beneath  it  the  aperture  of  the  jar  containing  the 
gas.  On^gently  inclining  the  latter,  the  gas  passes  by  a  kmd  of 
fnverted  decantatioa  into  the  second  vessel.  When  the  latter  is 
narrow,  a  fannel  may  be  placed  loosely  in  its  neck,  by  which  loss  of 
gas  will  be  found  to  be  prevented. 

A  jar  wholly  or  partially  filled  with  gas  at  the  pneumatic  trough 
may  be  removed  by  placmg  beneath  it  a  shallow  basin,  or  even  a  com- 
mon plate  so  as  to  carry  away  enough  water  to  cover  the  edge  of  the 
jar  ;  and  many  gases,  especially  oxygen,  may  be  so  preserved  for  many 
hours  without  material  injury. 

Gas-jars  are  often  capped  at  the  top,  and  fitted  with  a  stop-cock  for 
transferring  to  bladders  or  caoutchouc  bags.  When  such  a  vessel  is 
to  be  filled  with  water,  it  may  be  slowly  sunk  in  an  upright  position 
in  the  well  of  the  pneumatic  trough,  the  stop-cock  being  open  to  allow 
the  air  to  escape,  imtil  the  water  reaches  the  brass  cap.  The  cock  is 
then  to  be  turned,  and  the  jar  lifted  upon  the  shelf,  and  filled  with  gas 
in  the  usual  way.  If  the  trough  be  not  deep  enough  tor  this  method  of 
proceeding,  the  mouth  may  be  applied  to  the  stop-cock,  and  the  vessel 
tilled  by  sucking  out  the  air  until  the  water  rises  to  the  cap.  In  aU 
cases  it  is  proper  to  avoid  as  much  as  possible  wetting  the  stop-cocks, 
and  other  brass  apparatus. 

Mr.  Pepys  contrived  some  years  ago  an  admirable  piece  of  apparatus 
for  storing  aud  retaining  large  quantities  of  gas.  It  consists  of  a 
drum  or  reservoir  of  sheet  copper,  surmounted  by  a  shallow  trough  or 
cistern,  the  communication  between  the  two  being  made  by  a  couple  of 
tubes  furnished  with  stop-cocks,  one  of  which 
passes  nearly  to  the  bottom  of  the  drum,  as  Fig- 11. 

shown  in  the  sectional  sketch.  A  short  wide 
open  tube  is  inserted  obliquely  near  the  bot- 
tom of  the  vessel,  into  which  a  plug  may  be 
tightly  screwed.  A  stop-cock  near  the  top 
serves  to  transfer  gas  to  a  bladder  or  tube 
apparatus.  A  glass  water-gauge,  affixed  to 
tlie  side  of  the  drum,  and  communicating 
with  both  top  and  bottom,  indicates  the  level 
of  the  liquid  within. 

To  use  the  gas-holder,  the  plug  is  first 
to  be  screwed  into  the  lower  opening,  and 
the  drum  completely  filled  with  water. 
All  three  stop-cocks  are  then  to  be  closed, 
and  the  plug  removed.  The  pressure  of 
the  atmosphere  retains  the  water  in  the 
gas-liolder,  and  if  no  air-leakage  occur,  the 
escape  of  water  is  inconsiderable.  The  extremity  of  the  delivery-tube 
is  now  to  be  weU  pushed  through  the  open  aperture  into  the  drum, 
so  that  the  bubbles  of  gas  may  rise  without  hindrance  to  the  upper  part, 
displacing  the  water,  wliich  flows  out  in  the  same  proportion  into  a  vessel 
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placed  for  its  reception.  When  the  di-um  is  filled,  or  enough  gas  has 
been  collected,  the  tube  is  withdrawn  and  the  plug  screwed  into  its  place. 

When  a  poi-tion  of  the  gas  is  to  be  transferred  to  a  jar,  the  latter  is 
to  be  filled  with  water  at  the  pnv.'amatic  trough,  carried  by  the  help  of 
a  basin  or  plate  to  the  cistern  of  the  gas-holder,  and  placed  over  the 
shorter  tube.  On  opening  the  cock  of  the  ueighbom-iug  tube,  the 
hydrostatic  pressure  of  the  column  of  water  will  cause  condensation 
of  the  gas,  and  increase  its  elastic  foi-ce,  so  that  on  gently  turning 

the  cock  beneath   the  jar,  it  will 
PW-  78.  ascend   into   the   latter  in  a  rapid 

stream  of  bubbles.  The  jar,  when 
filled,  may  again  have  the  plate 
slipped  beneath  it,  and  be  removed 
without  difficulty. 

Oxygen,  when  fi-ee  or  uncombined, 
is  only  known  in  the  gaseous  state, 
all  attempts  to  reduce  it  to  the  liquid 
or  solid  condition  by  cold  and  pressure 
having  completely  failed.  It  is,  when 
pure,  colourless,  tasteless,  and  inodor- 
ous, the  sustaining  principle  of  animal 
life,  and  of  all  the  ordinaiy  phenomena 
of  combustion. 

Bodies  which  burn  in  the  air,  burn  with  gi-eatly-increased  splendour 
in  oxygen  gas.  If  a  taper  be  blown  out,  and  then  introduced  while 
the  wick  remains  red-hot,  it  is  instantly  rekindled  :  a  slip  of  wood  or 
a  match  is  relighted  in  the  same  manner.  This  effect  is  highly  cha- 
racteristic of  oxygen,  there  being  but  one  other  gas  which  possesses 
the  same  property ;  and  this  is  easily  distinguished  by  other  means. 
The  experiment  with  the  match  is  also  constantly  used  as  a  rude  test 
of  the  purity  of  the  gas  when  it  is  about  to  be  collected  from  the  I'etort, 
or  when  it  has  stood  some  time  in  contact  with  water  exposed  to  air. 

When  a  bit  of  charcoal  is  affixed  to  a  wire,  and  plunged  with 
a  single  point  i-ed-hot  into  a  jar  of  oxygen,  it  burns  with  great  bril- 
liancy, throwing  off  beautiful  scintillations,  until,  if  the  oxygen  be  in 
excess,  it  is  completely  consumed.  An  iron  wire,  or,  still  better,  a 
steel  watch-spring,  armed  at  its  extremity  with  a  bit  of  lighted  ama- 
dou, and  introduced  into  a  vessel  of  oxygen  gas,  exliibits  a  most  beautiful 
appearance  of  combustion.  If  the  experiment  be  made  in  a  jai-  stand- 
ing on  a  plate,  the  fused  globules  of  black  oxide  of  iron  fix  themselves 
in  the  glaze  of  the  latter,  after  falling  through  a  stratum  of  water  half 
an  inch  in  depth.  Kindled  sulphur  burns  with  great  beauty  in  oxygen, 
and  phosphorus,  under  similar  circumstances,  exhibits  a  splendour  which 
the  eye  is  unable  to  support. 

In  these  and  many  other  similar  cases  which  might  be  mentioned, 
the  same  ultimate  efiect  is  produced  as  in  atmospheric  air ;  the  action 
is,  however,  more  energetic,  from  the  absence  of  the  gas  which  in  the 
air  dilutes  the  oxygen,  and  enfeebles  its  chemical  powers.    The  process 
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of  respiration  in  animals  is  an  eflfect  of  the  same  nature  as  common 
combustion.  Tlie  blood  contains  substances  which  slowly  burn  by  the 
aid  of  tbe  oxygen  thus  introduced  into  the  system.  When  this  action 
ceases,  life  becomes  extinct. 

Oxygen  is  bulk  for  bulk  a  little  heavier  than  atmospheric  air,  which 
is  usually  taken  as  the  standard  of  unity  for  the  specific  gravity  of 
gases.  Its  specific  gravity  is  expressed  by  the  number  1-1057  ;*  100 
cubic  inclies  at  602  (15°-5C),  and  under  the  mean  pressure  of  the 
atmosphere,  that  is,  30  inches  of  mercury,  weigh  34-29  grains. 

It  has  been  already  remai-ked,  that  to  determine  with  the  utmost  degree 
of  accuracy  the  specific  gravity  of  a  gas  is  an  operation  of  very  great 
practical  difficulty,  but  at  the  same  time  of  very  great  importance. 
There  are  several  methods  which  may  be  adopted  for  this  purpose ; 
the  one  below  described  appears,  on  the  whole,  to  be  the  simplest  and 
best.  It  requires,  however,  the  most  scinipulous  care,  and  the  observ- 
ance of  a  number  of  minute  precautions,  which  are  absolutely  indis- 
pensable to  success. 

The  plan  of  the  operation  is  as  follows  : — A  large  glass  globe  is  to  be 
filled  with  the  gas  to  be  examined,  in  a  perfectly  pure  and  dry  state, 
having  a  known  temperature,  and  an  elastic  force  equal  to  that  of  the 
atmosphere  at  the  time  of  the  experiment.  The  globe  so  filled  is  to  be 
weighed.  It  is  then  to  be  exhausted  at  the  air-pump  as  far  as  conve- 
nient, and  again  weighed.  Lastly,  it  is  to  be  filled  with  dry  air,  the 
temperature  and  pressure  of  which  are  known,  and  its  weight  once 
more  determined.  On  the  supposition  that  the  temperature  and  elas- 
ticity are  the  same  in  both  cases,  the  specific  gravity  is  at  once  obtained 
by  dividing  the  weight  of  the  gas  by  that  of  the  air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a  brass 
cap,  surmounted  by  a  small  but  excellent  stop-cock.  A  delicate  ther- 
mometer should  be  placed  in  the  inside  of  the  globe  secured  to  the  cap. 
The  gas  must  be  generated  at  the  moment,  and  conducted  at  once  into 
the  previously-exhausted  vessel,  through  a  long  tube  filled  with  frag- 
ments of  pumice  moistened  with  oU  of  vitriol,  or  some  other  extremely- 
hygroscopic  substance,  by  which  it  is  freed  from  all  moisture.  As  the 
gas  is  necessarily  generated  under  some  pressure,  the  elasticity  of  that 
contained  in  the  filled  globe  will  slightly  exceed  the  pressure  of  the 
atmosphere  ;  and  this  is  an  advantage,  since,  by  opening  the  stop-cock 
for  a  single  instant,  when  the  globe  has  attained  an  equilibrium  ol 
temperature,  the  tension  becomes  exactly  that  of  the  air,  so  that  all 
barometrical  correction  is  avoided,  unless  the  pressure  of  the  atmo- 
sphere should  sensibly  vary  during  the  time  occupied  by  the  experi- 
ment. It  is  hardly  necessary  to  remark  that  the  greatest  care  must 
also  be  taken  to  purify  and  dry  the  air  used  as  the  standard  of  com- 
parison, and  to  bring  l)oth  gas  and  air  as  nearly  as  possible  to  the  same 
temperature,  to  obviate  the  necessity  of  a  correction,  or  at  least  to 
diminish  almost  to  nothing  the  errors  involved  by  such  a  process. 

The  compounds  foi-med  by  the  direct  union  of  oxygen  with  other 
*  Dumas,  Ann.  Chim.  et  Pbys.,  3rd  Series,  iii.  275. 
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bodies,  bear  the  general  name  of  oxides  ;  these  are  very  numerous  and 
important.  They  m-e  conveniently  divided  into  three  principal  groups 
or  classes.  The  first  division  contains  all  those  oxides  whidi  resemble 
in  their  chemical  relations  potassa,  soda,  or  the  oxide  of  silver  or  of 
lead  ;  these  ai-e  denominated  alkaline  or  basic  oxides,  or  sometimes 
salifiable  buses.  The  oxides  of  the  second  group  have  properties  exactly 
opposed  to  those  of  the  bodies  mentioned  ;  oil  of  vitriol  and  phosphoric 
acid  may  be  taken  as  the  typical  representatives  of  the  class :  they 
are  called  acids,  and  they  tend  strongly  to  unite  with  tlie  basic 
oxides.  When  this  happens,  what  is  called  a  salt  is  generated  as 
sulphate  of  potassa,  or  phosphate  of  silver,  each  of  these  substances 
being  compounded  of  a  pair  of  oxides,  one  of  which  is  highly  basic  and 
the  other  highly  acid. 

Then  there  remains  a  third  group  of  what  may  be  termed  neutral 
oxides,  from  their  slight  disposition  to  enter  into  combination.  The 
black  oxide  of  manganese,  already  mentioned,  is  an  excellent  example. 

It  very  frequently  happens  that  a  body  is  capable  of  uniting  with 
oxygen  in  several  proportions,  forming  a  series  of  oxides,  to  which  it  is 
necessary  to  give  distinguishing  names.  The  rule  in  such  cases  is  very 
simple,  at  least  when  the  oxides  of  the  metals  are  concerned.  In  such 
a  series  it  is  always  found  that  one  out  of  the  number  has  a  strongly- 
marked  basic  character  ;  to  this  the  term  protoxide  is  generally  given. 
The  compounds  next  succeeding  receive  the  names  of  binoxide  or  dcut- 
oxide,  teroxide  or  tritoxide,  &c.,  from  the  Latin  or  Greek  numerals,  the 
different  grades  of  oxidation  being  thus  indicated.  If  there  be  a  com- 
pound between  the  protoxide  and  binoxide,  the  name  sesquioxide  is 
usually  applied.  So  it  is  usual  to  call  the  highest  oxide,  not  having 
distinctly  acid  characters,  peroxide,  from  the  Latin  prefix,  signifying 
excess.  Any  compound  containing  less  oxygen  than  the  protoxide,  is 
called  a  suboxide.  Superoxide  or  hyperoxide  is  a  word  sometimes  used 
instead  of  peroxide. 

Ozone. — It  has  long  been  known  that  dry  oxygen,  or  atmospheric  air, 
when  exposed  to  the  passage  of  a  series  of  electric  sparks,  emits  a  pecu- 
liar and  somewhat  metallic  odour.  The  same  odour  may  be  imparted 
to  moist  oxygen,  by  allowing  phosphorus  to  remain  for  some  time  in 
it,  and  by  several  other  processes.  A  more  accurate  examination  of 
this  odorous  air  has  shown  that,  in  addition  to  the  smell,  it  assumes 
several  properties  not  exhibited  by  pure  oxygen.  One  of  its  most 
curious  effects  is  the  liberation  of  iodine  from  iodide  of  potassium. 
The  odorous  principle  has  been  the  subject  of  many  researches  latelj' — 
particularly  by  Prof.  Schoenbein,  of  Basel,  who  proposed  the  name  of 
ozone*  for  it.  It  appears,  however,  that  the  peculiar  odour  perceived 
in  the  above  processes,  is  not  always  occasioned  by  the  same  sub- 
stance. Ozone,  as  produced  by  electrical  jjrocesses,  is  probably  a  pecu- 
liar modification  of  oxygen,  in  which  the  affinities  of  this  element  are 
enhanced  in'  a  remarkable  manner.f 

*  From  ^^w,  I  smell, 
f  Another  substance,  which  has  been  confused        this  ozone,  will  be  mcu- 
tioued  among  the  oxides  of  hydrogen. 
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Hydrogen  is  always  obtained  for  experimental  purposes  by  deoxidizing 
water,  of  which  it  forms  the  characteristic  component.* 

If  a  tube  of  iron  or  porcelain,  containing  a  quantity  of  filings,  or 
turnings  of  iron,  be  fixed  across  a  furnace,  and  its  middle  portion  be 
made  red-hot,  and  then  the  vapour  of  water  transmitted  over  the 
heated  metal,  a  large  quantity  of  permanent  gas  will  be  disengaged 
from  the  tube,  and  the  iron  will  become  converted  into  oxide,  and 
acquire  an  increase  in  weight.  The  gas  is  hydrogen  ;  it  may  be  col- 
lected over  water  and  examined. 

When  zinc  is  put  into  water,  chemical  action  of  the  liquid  upon  the 
metal  is  imperceptible  ;  but  if  a  little  sulphuric  acid  be  added,  decom- 
position of  the  water  ensues,  the  oxygen  unites  with  the  zinc,  forming 
oxide  of  zinc,  which  is  instantly  dissolved  by  the  acid,  while  the 
hydrogen,  previously  in  union  with  that  oxygen,  is  disengaged  in  the 
gaseous  form.    The  reaction  is  represented  in  the  subjoined  diagram.f 


Water  |  Hydrogen_ 

I  Oxygen- 
Zinc 


Free. 


Sulphuric  acid 


"oxide  of  zinc  1  Sulphate  of 
 /  oxide  of  zinc. 


The  simplest  method  of  preparing  the  gas  is  the  following : — A 
wide-necked  bottle  is  chosen,  and  fitted  with  a  sound  cork,  perforated 
by  two  holes  for  the  reception  of  a  small  tube-funnel  reaching 
neai'ly  to  the  bottom  of  the  bottle,  and  a 
piece  of  bent  glass  tube  to  convey  away  the 
disengaged  gas.  Granulated  zinc,  or  scraps  of 
the  malleable  metal,  are  putinto- the  bottle, 
together  with  a  little  water,  and  sulphuric 
acid  slowly  added  by  the  funnel,  the  point 
of  which  should  dip  into  the  liquid.  The 
evolution  of  gas  is  easily  regulated  by  the 
supply  of  acid  ;  and  when  enough  has  been 
discharged  to  expel  the  air  of  the  vessel,  it 
may  be  collected  over  water  in  a  jar,  or 
passed  into  a  gas-holder. .  In  the  absence  of 
zinc,  filings  of  iron  or  small  nails  may  be 
used,  but  with  less  advantage. 

A  little  practice  will  soon  enable  the  pupil 
to  construct  and  arrange  a  variety  of  useful 
forms  of  apparatus,  in  which  bottles  and  other 

*  Hence  the  name,  from  u'Sop,  water,  and  yevvdo) 
t  irO,S03  +  =      ZnOSOa  + 

Zinc.        Sulphate  of  Zinc. 


Ilydratwl  sulphuric  acid. 
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articles  always  at  hand,  are  made  to  supersede  more  costly  instru- 
ments. Glass  tube,  purchased  by  weight  of  the  maker,  may  be  cut  by 
scratching  with  a  file,  and  then  applying  a  little  force  with  both 
hands.  It  may  be  softened  and  bent,  when  of  small  dimensions,  by 
the  flame  of  a  spirit-lamp,  or  even  a  candle  or  gas  jet.  Corks  may  be 
perforated  by  a  heated  wire,  and  the  hole  rendeved  smooth  and  cylin- 
drical by  a  round  file  ;  or  the  ingenious  cork-borer  of  Dr.  Molir,  now  to 
be  had  of  most  instrument  makers,  may  be  used  instead.  Lastly,  in 
the  event  of  bad  fitting,  or  unsoundness  in  the  cork  itself,  a  little 
yellow  wax  melted  over  the  sm-face,  or  even  a  little  grease  applied  with 
the  finger,  renders  it  sound  and  air-tight,  when  not  exposed  to  heat. 

Hydrogen  is  colourless,  tasteless,  and  inodorous  when  quite  pure. 
To  obtain  it  in  this  condition,  it  must  be  prepared  from  the  purest  zinc 
that  can  be  obtained,  and  passed  in  succession  through  solutions  of 
potassa  and  nitrate  of  silver.  When  prepared  from  commercial  zinc  it 
has  a  slight  smell,  which  is  due  to  impurity,  and  when  iron  has  been 
used,  the  odour  becomes  very  strong  and  disagreeable.  It  is  inflamma- 
ble, burning,  when  kindled,  with  a  pale-yellowish  flame,  and  evolving 
much  heat,  but  very  little  light.  The  result  of  the  combustion  is 
water.  It  is  even  less  soluble  in  water  than  oxygen,  and  has  never 
been  liquefied.  Although  destitute  of  poisonous  properties,  it  is  inca- 
pable of  sustaining  life. 

In  point  of  specific  gravity,  hydrogen  is  the  lightest  substance 
known  ;  Dumas  and  Boussingault  place  its  density  between  0"0691 
and  0'0695;*  hence  100  cubic  inches  will  weigh,  under  ordinary  cir- 
cumstances of  pressure  and  temperature,  2-14  grains. 

When  a  gas  is  much  lighter  or  much  heavier  than  atmospheric  air, 
it  may  often  be  collected  and  examined  without  the  aid  of  the  pneu- 
matic trough.  A  bottle  or  narrow  jar  may  be  filled 
Pig.  80.  y/ii\\  hydrogen  without  much  admixture  of  air,  by  in- 
verting it  over  the  extremity  of  an  upright  tube  de- 
livering the  gas.  In  a  short  time,  if  the  supply  be 
copious,  the  air  will  be  wholly  displaced  and  the  vessel 
filled.  It  may  now  be  removed,  the  vertical  position 
being  carefully  retained,  and  closed  by  a  stopjjer  or 
glass  plate.  If  the  mouth  of  the  jar  be  wide,  it  must 
be  jiartially  closed  by  a  piece  of  cardboard  dm-ing  the 
operation.  This  method  of  collecting  gases  by  dis- 
placement is  often  extremely  useful.  Hydrogen  was 
formerly  used  for  filling  au--balloons,  being  made  for 
the  purpose  on  the  spot  fi'om  zinc  or  iron  and  dilute 
sulphuric  acid.  Its  use  is  superseded  by  that  of 
coal-gas,  which  may  be  made  very  liglit  by  employing 
a  high  temperature  in  the  manufacture.  Although  far 
inferior  to  pure  hydrogen  in  buoyant  power,  it  is  found 
in  practice  to  possess  advantages  over  that  substance,  while  its  gi-eater 


*  Ann.  Chim.  et  Pliys.,  3rd  Scries,  viii.  201. 
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density  is  easily  compensated  by  increasing  the  magnitude  of  tlie 
balloon.  ° 

There  is  a  very  remarkable  property  enjoyed  by  gases  and  vapours 
in  general,  which  is  seen  in  a  high  degree  of  intensitv  in  the  case  of 
hydrogen  ;  this  is  what  is  called  diffusive  power.    If  two  bottles  con- 
taming  gases,  which  do  not  act  chemically  upon  each  other  at  common 
temperatui-es,  be  connected  by  a  narrow  tube  and  left  for  some  time 
these  will  be  found  at  the  expiration  of  a  certain  period,  dependinc^ 
much  upon  the  narrowness  of  the  tube  and  its  length,  uniformlv 
miied,  even  though  the  gases  differ  greatly  in  density,  and  the  system 
has  been  arranged  in  a  vertical  position,  with  the  heavier  gas  down- 
wards    Oxygen  and  hydrogen  can  thus  be  made  to  mix,  in  a  few  hours 
l^amst  the  action  of  gravity,  through  a  tube  a  yard  in  length,  andTot 
more  than  one  quarter  of  an  inch  in  diameter;  and  the  fac   is  true 

other.        ■  °^  ^''"^^  »P°"  S 

If  a  vessel  be  divided  into  two  portions  by  a  diaphragm  or  partition 
of  porous  earthenware  or  dry  plaster  of  Paris,  and  e°ch  hSf  S 
with  a  different  gas,  diffusion  will  immediately  commence  thr^uU  the 
pores  of  the  dividing  substance,  and  will  continue  until  perfect  mix 
ture  has  taken  place.  All  gases,  however,  do  not  permeafe  he  s^me" 
porous  body,  or,  in  other  words,  do  not  nass  throuo-h  nn,.,v.  I 
with  the  same  degree  of  facility.'   ProfessC  iSiS,  to "  JI 

rapidity  of  diffusio^i  Incf  Srdeli  y^ytli' ga^wSts"  extT",  t 
saying  that  the  diffusive  power  varies  in7p£L  ^'^P'^^^^"' 
the  density  of  the  gas  itse7f     T  us  in  t  ..  ^        '  ''l"^'^ 
one  half  of'the  vessef  be  mied  wit^h  ViogS  a^/:^^^^^^^^^^^ 
oxygen,  the  two  gases  will  penetrate  the  difphill  ^'^^  ^''^ 

at  very  different  rates  ;  four  cubic  inches  of  hv- 

cubic  inch  of  oxygen  travels  in  the  opposite  direc- 
tion    The  densities  of  the  two  gases  are  to  each 

rates  of  diffusion  will  bo  inversely  as  the  square 
roots  of  these  numbers,  i.  e  as  4  to  1 

By  making  the  diaphragm  of  some  flexible 
Jtenal,as  a  piece  of  membrane,  the  accumi  la  ion 
of  the  igh  ergns  on  the  side  of  the  heavier  mav 
be  rendered  evident  by  the  bukino-  of  ^ 

'^''';i^™p'-  n^2'X";;Zd 

of  making  the  experiment  is  by  the  use  of  Prn 
fessor  Graham's  diffusion-tube.    This  k  m! 
piece  of  wide  glass  tube  ten  or  twpl  '  '"^ 
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and  well  dried.  When  the  tube  is  filled  by  displacement  with  hy- 
drogen, and  then  set  upriglit  in  a  glass  of  water,  the  level  of  the 
liquid  rises  in  the  tube  so  rapidly,  that  its  movement  is  apparent  to 
to  the  eye,  and  speedily  attains  a  height  of  several  inches  above  the 
water  in  the  glass.  The  gas  is  actually  rarefied  by  its  superior  diffu- 
sive power  over  that  of  the  external  air. 

It  is  impossible  to  over-estimate  the  importance  in  the  economv 
of  Nature  of  this  very  curious  law  affecting  the  constitution  of 
gaseous  bodies :  it  is  the  principal  means  by  which  the  atmosphere  is 
preserved  in  an  uniform  state,  and  the  accumulation  of  poisonous 
gases  and  exhalations  in  towns  and  other  confined  localities  pre- 
vented. 

A  distinction  must  be  carefully  drawn  between  real  diffusion 
through  small  apertures,  and  the  apparently  similar  passage  of  gas 
through  wet  or  moist  membranes  and  other  substances,  which  is  really 
due  to  temporary  liquefaction  or  solution  of  the  gas,  and  is  an  effect 
completely  different  from  diffusion  properly  so  called.  For  example, 
the  diffusive  power  of  carbonic  acid  into  atmospheric  air  is  very  small, 
but  it  passes  into  the  latter  through  a  wet  bladder  with  the  utmost 
ease,  in  virtue  of  its  solubility  in  the  water  with  which  the  membrane 
is.moistened.  It  is  by  such  a  process  that  the  function  of  respiration 
is  performed ;  the  aeration  of  the  blood  in  the  lungs,  and  the  disen- 
gagement of  the  carbonic  acid,  are  effected  through  wet  membranes  ; 
the  blood  is  never  brought  into  actual  contact  with  the  air,  but  receives 
its  supply  of  oxygen,  and  disembarrasses  itself  of  carbonic  acid  by  this 
kind  of  spurious  diffusion. 

The  high  diffusive  power  of  hydrogen  against  air  renders  it  impos- 
sible to  retain  that  gas  for  any  length  of  time  in  a  bladder  or  caout- 
chouc bag  :  it  is  even  unsafe  to  keep  it  long  in  a  gas-holder,  lest  it 
should  become  mixed  with  air  by  slight  accidental  leakage,  and  ren- 
dered explosive.* 

It  has  been  stated  that,  although  the  light  emitted  by  the  flame  of 
pure  hydrogen  is  exceedingly  feeble,  yet  the  temperature  of  the  flame 
is  very  high.  This  temperature  may  be  still  farther  exalted  by  pre- 
viously mixing  the  hydrogen  with  as  much  oxygen  as  it  requires  for 
combination,  that  is,  as  will  presently  be  seen,  exactly  half  its  volume. 
Such  a  mixture  burns  like  gunpowder,  independently  of  the  external 
air.  When  raised  to  the  requisite  temperature  for  combination,  the 
two  gases  unite  with  explosive  violence.  If  a  strong  bottle,  holding 
not  more  than  half  a  pint,  be  filled  with  such  a  mixture,  the  introduc- 
tion of  a  lighted  match  or  red-hot  wire  determines  in  a  moment  the 
union  of  the  gases.  By  certain  precautions,  a  mixture  of  o.xygen  and 
hydrogen  can  be  burned  at  a  jet  without  communication  of  fire  to  the 
contents  of  the  vessel ;  the  flame  is  in  this  case  solid. 

*  Professor  Graham  has  since  published  a  very  extensive  series  of  researches 
on  the  passage  of  gases  thruugli  narrow  tubes,  wiiich  will  be  found  in  detail  m 
the  Philosophical  'i'riiasactions  for  ItjlC,  p.  572- 
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A  little  cousideration  will  show,  that  all  ordinary  flames  burning  in 
the  air  or  in  pure  oxygen  are,  of  necessity,  hollow.  The  act  of  com- 
bustion is  nothing  more  than  the  energetic;  union  of  the  substance 
burned  with  the  surrounding  oxygen ;  and  this  union  can  only  talce 
place  at  the  surface  of  the  burning  body.  Such  is  not  the  case,  how- 
ever, with  the  flame  now  under  consideration ;  the  combustible  and 
the  oxygen  are  already  mixed,  and  only  require  to  have  their  tempe- 
ratm-e  a  little  raised  to  cause  them  to  combine  in  every  part.  The 
flame  so  produced  is  very  different  in  physical  characters  from  that  of 
a  simple  jet  of  hydrogen  or  any  other  combustible  gas  ;  it  is  long  and 
pointed,  and  very  remarkable  in  appearance. 

The  safety-jet  of  Mr.  Hemming,  the  construction  of  which  involves 
a  principle  not  yet  discussed,  may  be  adapted  to  a  common  bladder 
containing  the  mixtiji-e,  and  held  under  the  arm,  and  the  gas  forced 
through  the  jet  by  a  little  pressure.  Although  the  jet,  properly  con- 
structed, is  believed  to  be  safe,  it  is  best  to  use  nothing  stronger  than 
a  bladder,  for  fear  of  injury  in  the  event  of  an  explosion.  The  gases 
ai'e  often  contained  in  separate  reseiwoirs,  a  pair  of  large  gas-holdere, 
for  example,  and  only  suffered  to  mix  in  the  jet  itself^  as  in  the  con- 
trivance of  Professor  Daniell :  in  this  way  all  danger  is  avoided.  The 
eye  speedily  becomes  accustomed  to  the  peculiar  appearance  of  the  true 
hydro-oxygen  flame,  so  as  to  permit  the  supply  of  each  gas  to  be  ex- 
actly regulated  by  suitable  stop-cocks  attached  to  the  jet  (fig.  82). 


Fig.  82.  Fig.  83. 
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A  piece  of  thick  platinum  wire  introduced  int^o  the  flame  of  the 
hydro-oxygen  blowpipe  melts  with  the  greatest  ease;  a  watch -spring 
or  small  steel  file  burns  with  the  utmost  brilliancy,  throwing  oft' 
showers  of  beautiful  sparks ;  an  incombustible  oxidized  body,  as  mag- 
nesia or  lime,  becomes  so  intensely  ignited,  as  to  glow  with  a  light 
insupportable  to  the  eye,  and  to  be  susceptible  of  emplojTnent  as  a 
most  powerful  illuminator,  as  a  substitute  for  the  sun's  rays  in  the 
solar  microscope,  and  for  night-signals  in  trigonometrical  surveys. 

If  a  long  glass  tube,  open  al  both  ends,  be  held  over  a  jet  of  hydro- 
gen (fig.  83),  a  series  of  musical  sounds  are  sometimes  produced  by 
the  partial  extinction  and  rekindling  of  the  flame  by  the  ascending 
current  of  air.  These  little  explosions  succeed  each  other  at  regular 
intervals,  and  so  rapidly  as  to  give  rise  to  a  musical  note,  the  pitch 
depending  chiefly  upon  the  length  and  diameter  o^the  tube. 

Although  oxygen  and  hydrogen  may  be  kept  mixed  at  common  tem- 
peratures for  any  length  of  time  without  combination  taking  place,  yet, 
under  particular  circumstances,  they  unite  quietly  and  without  explo- 
sion. Some  years  ago  Professor  Dobereiner,  of  Jena,  made  the 
curious  observation,  that  finely-divided  platinum  possessed  the  power 
of  determining  the  union  of  the  gases  ;  and,  more  recently,  Mr. 
Faraday  has  shown  that  the  state  of  minute  division  is  by  no  means 
indispensable,  since  rolled  plates  of  the  metal  have  the  same  property, 
provided  their  surfaces  are  absolutely  clean.  Neither  is  the  effect 
strictly  confined  to  platinum  ;  other  metals,  as  palladium  and  gold, 
and  even  stones  and  glass,  enjoy  the  same  property,  although  to  a  far 
inferior  degree,  since  they  often  require  to  be  aided  by  a  little  heat. 
When  a  piece  of  platinum-foil,  which  has  been  cleaned  by  hot  oil  of 
vitriol  and  thorough  washing  with  distilled  water,  is  thrust  into  ajar 
containing  a  mixture  of  oxygen  and  hydrogen  standing  over  water, 
combination  of  the  two  gases  immediately  begins,  and  the  level  of  the 
water  rapidly  rises  whilst  the  platinum  becomes  so  hot,  that  drops  of 
water  accidentally  foiling  upon  it  enter  into  ebullition.  If  the  metal 
be  very  thin  and  exceedingly  clean,  and  the  gases  very  pure,  then  its 
temperature  rises  after  a  time  to  actual  redness,  and  the  residue  of 
the  mixture  explodes.  But  this  is  an  effect  altogether  accidental,  and 
dependent  upon  the  high  temperature  of  the  platinum,  which  high 
temperature  has  been  produced  by  the  preceding  quiet  combination  of  the 
two  bodies.  When  the  platinum  is  reduced  to  a  state  of  minute  division, 
and  its  surface  thereby  much  extended,  it  becomes  immediately  red- 
hot  in  a  mixture  of  hydrogen  and  oxygen,  or  hydrogen  and  air  ;  a  jet 
of  hydrogen  thrown  upon  a  little  of  the  6]5ongy  metal,  contained  in  a 
glass  or  capsule,  becomes  at  once  kindled,  and  on  this  principle 
machines  for  the  production  of  instantaneous  light  have  been  con- 
structed. These,  however,  only  act  well  when  constantly  used  ;  the 
spongy  platinum  is  apt  to  become  damp  by  absorption  of  moisture 
from  the  air,  and  its  power  is  then  for  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  cuiious  effects  is  to 
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suppose  that  solid  bodies  in  general  have,  to  a  gi-eater  or  less  extent, 
the  property  of  condensing  gases  upon  their  surfaces,  and  that  this 
feculty  is  enjoyed  pre-eminently  by  certain  of  the  uon-oxidizable 
metals  as  platinum  and  gold.  Oxygen  and  hydrogen  may  thus, 
under  these  circumstances,  be  brought,  as'  it  were,  within  the  sphere 
of  their  mutual  attractions  by  a  temporary  increase  of  density,  where- 
upon combination  ensues. 

Coal-gas  and  ether  or  alcohol  vapour  may  be  made  to  exhibit  tlie 
phenomenon  of  quiet  oxidation  under  the  influence  of  this  i-emarkable 
surface-action.  A  close  spiral  of  slender  platinum  wire,  a  roll  of  thin 
foil  or  even  a  common  platinum  crucible,  heated  to  dull  redness,  and 
then  held  in  a  jet  of  coal-gas,  becomes  strongly  ignited,  and  remains 
in  that  state  as  long  as  the  supply  of  mixed  gas  and  air  is  kept  up, 
the  temperature  beigg  maintained  by  the  heat  disengaged  in  the  act 
of  union.  Sometimes  the  metal  becomes  white  hot,  and  then  the  gas 
takes  fire. 

A  veiy  pleasing  experiment  may  be  made  by  attaching  such  a  coil 
of  wire  to  a  card,  and  suspending  it  in  a  glass  containing  a  few  drops 
of  ether,  having  previously  made  it  red-hot  in  the  flame  of  a  spirit- 
lamp.    The  wire  continues  to  glow  until  the 
oxygen  of  the  air  is  exhausted,  giving  rise  to  Fig-  84. 

tlie  production  of  an  irritating  vapour  which 
attacks  the  eyes.  The  combustion  of  the  ether 
is  in  this  case  but  partial  ;  a  portion  of  its  hy- 
di  'ogen  is  alone  removed,  and  the  whole  of  the 
carbon  left  untouched. 

A  coil  of  thin  platinum  wire  may  be  placed 
over  the  wick  of  a  spirit-lamp,  or  a  ball  of 
spongy  platinum  sustained  just  above  the 
cotton  ;  ou  lighting  the  lamp,  and  then  blowing 
it  out  as  soon  as  the  metal  appears  red-hot,  slow 
combustion  of  the  spirit  drawn  up  by  the  capil  ■ 
larity  of  the  wick  will  take  place,  accompanied 
by  the  pungent  vapours  just  mentioned,  which 
may  be  modified,  and  even  rendered  agreeable,  by  dissolving  in  the 
liquid  some  sweet-smelling  essential  oil  or  resin. 

Hydrogen  forms  numerous  compounds  with  other  bodies,  although  it 
is  greatly  surpassed  in  this  respect  not  only  by  Oiygen,  but  by  many 
of  the  other  elements.  The  chemical  relations  of  hydi-ogen  tend  to 
place  it  among  the  metals.  The  great  discrepancy  in  physical  pro- 
perties is  perhaps  more  apparent  than  real.  Hydrogen  is  yet  unknown 
in  the  solid  condition,  while,  on  the  other  hand,  the  vapour  of  the 
metal  mercury  is  as  transparent  and  colourless  as  hydrogen  itself. 
This  vapour  is  only  about  seven  times  heavier  than  atmospheric  air, 
so  that  the  diSerence  in  this  respect  is  not  nearly  so  great  as  that  in 
the  other  direction  between  air  and  hydrogen. 

There  are  two  oxides  of  hydrogen,  namely,  water,  and  a  very  pecu- 
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Fig.  86. 
J.  A. 


liar  substance,  discovered  in  the  year  1818  by  M.  Thenard,  called 
hinoxide  of  hydrogen. 

It  appears  that  the  composition  of  water  was  first  demonstrated  in 
the  year  1781  by  Mr.  Cavendish,*  but  the  discovery  of  the  exact  pro- 
portions in  which  oxygen  and  hydrogen  unite  in  generating  that  most 
important  compound  has  from  time  to  time  to  the  present  day  occupied 
the  attention  of  some  of  the  most  distinguished  culti- 
vators of  chemical  science.  There  are  two  distinct 
methods  of  research  in  chemistry,  the  analytical,  or 
that  in  which  the  compound  is  resolved  into  its  ele- 
ments, and  the  synthetical,  in  which  the  elements  are 
made  to  unite  and  produce  the  compound.  The  first 
method  is  of  much  more  general  application  than  the 
second  ;  but  in  this  particular  instance  both  may  be  em- 
ployed, although  the  results  of  the  synthesis  are  the 
more  valuable. 

The  most  elegant  example  of  analysis  of  water 
would  probably  be  found  in  its  decomposition  by  voltaic 
electricity.  When  water  is  acidulated  so  as  to  render 
it  a  conductor,  and  a  portion  interposed  between  a 
pair  of  platinum  plates  connected  with  the  extremities 
of  a  voltaic  apparatus  of  moderate 
power,  decomposition  of  the  liquid 
takes  place  in  a  very  interesting 
manner ;  oxygen,  in  a  state  of  per- 
fect purity,  is  evolved  from  the 
water  in  contact  with  the  plate 
belonging  to  the  copper  end  of  the 
battery,  and  hydrogen,  equally  pure, 
is  disengaged  at  the  plate  connected 
with  the  zinc  extremity,  the  middle 
portions  of  liquid  remaining  ap- 
parently unaltered.  By  placing 
small  graduated  jars  over  the  pla- 
tinum plates,  the  gases  can  be  col- 
lected, and  their  quantities  deter- 
mined. The  figure  in  the  margin 
will  show  at  a  glance  the  whole  arrangement;  the 
conducting  wires  pass  through  the  bottom  of  the  glass 
cup,  and  away  to  the  battery. 

When  this  experiment  has  been  continued  a  suf- 
ficient time,  it  will  be  found  that  the  volume  of  tlie 
hydrogen  is  a  very  little  above  twice  that  of  the 
oxygen ;  were  it  not  for  the  accidental  circumstance  of 

*  A  claim  to  tbe  discovery  of  the  composition  of  water  on  behalf  of  Mr. 
James  Watt  has  been  very  strongly  urged,  and  supported  by  such  evidence 
that  the  reader  of  the  controversy  may  be  led  to  the  conclusion  I  hat  the  dis- 
covery was  made  by  both  parlies,  nearly  simultaneously,  and  unknown  to 
each  other. 
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oxygen  being  sensibly  more  soluble  in  water  than  hydrogen,  the  pro- 
po'i-tion  of  two  to  one  by  measure  would  come  out  exactly. 

Water,  as  Mr.  Grove  has  lately  shown,  is  likewise  decomposed  into 
its  constituents  by  heat.  The  effect  is  produced  by  introducing 
platinum  balls,  ignited  by  electricity  or  other  means,  into  water  or 
steam.  The  two  gases  are,  however,  obtained  in  very  small  quan- 
tities at  a  time. 

When  oxygen  and  hydrogen,  both  as  pure  as  possible,  are  mixed 
in  the  proportions  mentioned,  passed  into  a  strong  glass  tube  filled 
with  mercury,  and  exploded  by  the  electric  spark,  all  the  mixture  dis- 
appeai-s,  and  the  mercury  is  forced  up  into  the  tube,  filling  it  com- 
pletely. The  same  experiment  may  be  made  with  the  explosion- 
vessel  or  eudiometer  of  Mr.  Cavendish,  (Fig.  86.)  The  instrument 
is  exhausted  at  the  air-pump,  and  then  filled  from  a  capped  jar  with 
the  mixed  gases  ;  on  passing  an  electric  spark  by  the  wires  shown  at 
a,  explosion  ensues,  and  the  glass  becomes  bedewed  with  moisture, 
and  if  the  stop-cock  be  then  opened  under  water,  the  latter  will  rush 
in  and  fill  the  vessel,  leaving  merely  a  bubble  of  air,  the  result  of  im- 
perfect exhaustion. 

The  process  upon  which  most  reliance  is  placed  is  that  in  which 
pui'e  oxide  of  copper  is  reduced  at  a  red  heat  by  hydrogen,  and  the 
water  so  formed  collected  and  weighed.  This  oxide  suffers  no  change 
by  heat,  alone,  but  the  momentary  contact  of  hydi'ogen,  or  any  com- 
mon combustible  matter  at  a  high  temperature,  suffices  to  reduce  a 
corresponding  portion  to  the  metallic  state.  Fig.  87  will  sei-ve  to  con- 
vey some  idea  of  the  anangement  adopted  in  researches  of  this  kind. 

A  copious  supply  of  hydi'ogen  is  procured  by  the  action  of  dilute 
sulphuric  acid  upon  the  purest  zinc  that  can  be  obtained ;  the  gas  is 
made  to  pass  in  succession  through  solutions  of  silver  and  strong 
caustic  potassa,  by  which  its  purification  is  completed.    After  this,  it 


is  conducted  through  a  tube  three  or  four  inches  in  length,  filled  with 
fragments  of  pumice-stone  steeped  in  concentrated  oil  of  vitriol,  or 
with  anhydrous  phosphoric  acid.  These  substances  have  such  an 
extraordinary  attraction  for  aqueous  vapour,  that  they  dry  the  gas 
completely  during  its  transit.  The  extremity  of  this  tube  is  shown 
at  a.    The  dry  hydrogen  thus  arrives  at  the  part  of  the  apparatus  con- 
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taining  the  oxide  of  coppei%  represeDted  at  6  ;  this  consists  of  a  two- 
necked  flask  of  very  hard  white  glass,  maintained  at  a  red  heat  by  a 
spirit-lamp  placed  beneath.  As  the  decomposition  proceeds,  the 
water  produced  by  the  reduction  of  the  oxide  begins  to  condense  in 
the  second  neck  of  the  flask,  whence  it  drops  into  the  receiver  c,  pro- 
vided for  the  purpose.  A  second  desiccating  tube  prevents  the  loss  of 
aqueous  vapour  by  the  current  of  gas  which  passes  in  excess. 

Before  the  experiment  can  be  commenced,  the  oxide  of  copper,  the 
purity  of  which  is  well  ascertained,  must  be  heated  to  redness  for 
some  time  in  a  current  of  dry  air  ;  it  is  then  suffered  to  cool,  and 
very  carefully  weighed  with  the  flask.  The  empty  receiver  and 
second  drying  tube  are  also  weighed,  the  disengagement  of  gas  set  up, 
and  when  the  air  has  been  displaced,  heat  slowly  applied  to  the  oxide. 
The  action  is  at  first  very  energetic ;  the  oxide  often  exhibits  the 
appearance  of  ignition  ;  as  the  decomposition  proceeds,  it  becomes 
more  sluggish,  and  requires  the  application  of  a  considerable  heat  to 
effect  its  completion. 

When  the  process  is  at  an  end,  and  the  apparatus  perfectly  cool, 
the  stream  of  gas  is  discontinued,  dry  air  is  drawn  through  the  whole 
arrangement,  and,  lastly,  tlie  parts  are  disconnected  and  reweighed. 
The  loss  of  the  oxide  of  copper  gives  the  oxygen ;  the  gain  of  the 
receiver  and  its  drying-tube  indicates  the  water,  and  the  difference 
between  the  two  the  hydrogen. 

A  set  of  experiments,  made  in  Paris  in  the  year  1820,*  by  MM. 
Dulong  and  Berzelius,  gave  as  a  mean  result  for  the  composition  of 
water  by  weight,  8 '009  parts  oxygen  to  1  part  hydrogen  ;  numbers  so 
neai-ly  in  the  proportion  of  8  to  1,  that  the  latter  have  usually  been 
assumed  to  be  true. 

Quite  recently  the  subject  has  been  reinvestigated  by  M.  Dumas,t 
with  the  most  scrupulous  precision,  and  the  above  supposition  fully 
confirmed.  The  composition  of  water  may  therefore  he  considered  as 
established  ;  it  contains  by  weight  8  parts  oxygen  to  1  part  hydi-ogen, 
and  by  measure,  1  volume  oxygen  to  2  volumes  hydrogen.  The  den- 
sities of  the  gases,  as  already  mentioned,  correspond  very  closely  with 
these  results. 

The  physical  properties  of  water  are  too  well  known  to  need 
lengthened  description  :  it  is,  when  pure,  colourless  and  transpai-ent, 
destitute  of  taste  and  odour,  and  an  exceedingly  bad  conductor  of 
electricity  of  low  tension.  It  attains  its  greatest  density  towards 
40°  (4°-5C),  fi-eezes  at  32"  (0°C),  and  boils  under  the  pressure  of 
the  atmosphere  at  or  near  212°  (100°C).  It  evaporates  at  all  tem- 
peratures. One  cubic  inch  at  62°  (15°-7C)  weighs  252-45  grains. 
It  is  815  times  heavier  than  air ;  an  imperial  gallon  weighs  70,000 
oi-ains  or  10  lbs.  avoirdupois.  To  all  ordinary  observation,  water  is 
incompressible ;  very  accurate  experiments  have  nevertheless  shown 

*  Ann.  Chim.  et  Pbys.  xv.  3S6. 

f  Ann.  Cbim.  et  Phys.  3rd  series,  viu.  189. 
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that  it  does  yield  to  a  small  extent  when  the  power  employed  is  very 
great ;  the  diminution  of  volume  for  each  atmosphere  of  pressure 
being  about  51-millionths  of  the  whole. 

Clear  water,  although  colourless  in  small  bulk,  is  blue  like  the  at- 
mosphere when  viewed  in  mass.  This  is  seen  in  the  deep  ultramai'ine 
tint  of  the  ocean,  and  perhaps  in  a  still  more  beautiful  manner  in  the 
lakes  of  Switzerland  and  other  Alpine  countries,  and  in  the  rivers 
which  issue  fi-ora  them  ;  the  slightest  admixture  of  mad  or  suspended 
impurity  destroying  the  effect.  The  same  magnificent  colour  is  visible 
in  the  fissures  and  caverns  found  in  the  ice  of  the  glac^iers,  which  is 
usually  extremely  pure  and  transpai-ent  within,  although  foul  upon 
the  surface. 

Steam,  or  vapour  of  water,  in  its  state  of  greatest  density  at 
212°  (100°C),  compared  with  air  at  the  same  temperature,  and  pos- 
sessing an  equal  elastic  force,  has  a  specific  gravity  expressed  by  the 
fraction  0'625.  In  this  condition  it  may  be  represented  as  con- 
taining, in  every  two  volumes,  two  volumes  of  hydrogen,  and  one 
volume  of  oxygen. 

Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect 
purity :  even  the  rain  which  falls  in  the  open  country  contains  a  trace 
of  ammoniacal  salt,  while  rivers  and  springs  are  invariably  contami- 
nated to  a  greater  or  less  extent  with  soluble  matters,  saline  and 
organic.  Simple  filtration  through  a  porous  stone  or  a  bed  of  sand 
will  separate  suspended  impurities,  but  distillation  alone  will  free  the 
liquid  from  those  that  are  dissolved.  In  the  preparation  of  distilled 
water,  which  is  an  article  of  large  consumption  in  the  scientific  labo- 
ratory, it  is  proper  to  reject  the  first  jjortions  which  pass  over,  and  to 
avoid  can-jfing  the  distillation  to  dryness.  The  process  may  be  con- 
ducted in  a  metal  still  furnished  with  a  worm  or  condenser  of  silver  or 
tin ;  lead  must  not  be  used. 

The  ocean  is  the  great  recipient  of  the  saline  matter  carried  down 
by  the  rivers  which  drain  the  laud  ;  hence  the  vast  accumulation  of 
salts.  The  following  table  will  serve  to  convey  an  idea  of  the  ordi- 
naiy  composition  of  sea-water ;  the  analysis  is  by  Dr.  Schweitzer,* 
of  Brighton,  the  water  being  that  of  the  British  Channel : — 


1000  grains  contained 

Water      .....  964-745 

Chloride  of  sodium      .          .          .  27'059 

Chloride  of  potassium         .           ,           ,  0"766 

Chloride  of  magnesium            .          .  3'666 

Bromide  of  magnesium      .          .          .  0'029 

Sulphate  of  magnesia     .          ,          ,  2*296 

Sulphate  of  lime    ....  1-406 

Carbonate  of  lime          .          ,          .  0-033 


Traces  of  iodine  and  ammonical  salt 


*  Phil.  Mag.  July,  1S39. 
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Its  specific  gravity  was  found  to  be  1-0274  at  60°  (15o-5C). 

Sea-water  is  liable  to  variations  of  density  and  comjiosition  by  the 
influence  of  local  causes,  such  as  the  proximity  of  large  rivers  or 
masses  of  melting  ice,  and  other  circumstances. 

Natural  springs  ai'e  often  impregnated  to  a  great  extent  with  so- 
luble substances  derived  from  the  rocks  they  traverse  ;  such  are  the 
various  mineral  waters  scattered  over  the  whole  earth,  and  to  which 
medicinal  virtues  are  attributed.  Some  of  these  hold  protoxide  of 
iron  in  solution,  and  are  effervescent  from  carbonic  acid  gas ;  others 
are  alkaline,  probably  from  traversing  rocks  of  volcanic  origui ;  some 
contain  a  very  notable  quantity  of  iodine  or  bromine.  Their  temper- 
atures also  are  as  variable  as  their  chemical  nature.  A  tabular 
notice  of  some  of  the  most  remarkable  of  these  waters  will  be  found 
in  the  Ajipendix. 

Water  enters  into  direct  combination  with  other  bodies,  forming  a 
class  of  compounds  called  hydrates  ;  the  action  is  often  very  energetic, 
much  heat  being  evolved,  as  in  the  case  of  the  slaking  of  lime,  which 
is  really  the  production  of  a  hydi-ate  of  that  base.  Sometimes  the  at- 
ti'action  between  the  water  and  the  second  body  is  so  gi-eat  that  the 
compound  is  not  decomposable  by  any  heat  that  can  be  applied ;  the 
hydrates  of  potassa  and  soda,  and  of  phosphoric  acid,  furnish  examples. 
Oil  of  vitriol  is  a  hydrate  of  sulphuric  acid,  from  wliich  the  water 
cannot  be  thus  separated. 

Water  very  frequently  combines  with  saline  substances  in  a  less 
intimate  manner  than  that  above  described,  constituting  what  is  called 
water  of  crystallization,  from  its  connexion  with  the  geometrical  figure 
of  the  salt.  In  this  case  it  is  easily  driven  off  by  the  application  of 
heat. 

Lastly,  the  solvent  properties  of  water  far  exceed  those  of  any  other 
liquid  known.  Among  salts,  a  very  large  proportion  are  soluble  to  a 
gi-eater  or  less  extent,  the  solubility  usually  increasing  with  the  tem- 
perature, so  that  a  hot  saturated  solution  deposits  crystals  on  cooling. 
There  are  a  few  exceptions  to  this  law,  one  of  the  most  remarkable 
of  which  is  common  salt,  the  solubility  of  which  is  nearly  the  same 
at  all  temperatures;  the  hydi-ate  and  certain  organic  salts  of  lime, 
also,  dissolve  more  freely  in  cold  than  in  hot  water. 

Water  dissolves  gases,  but  in  very  unequal  quantities ;  some,  as 
hydrogen,  oxygen,  and  atmospheric  air,  are  but  little  acted  upon; 
others,  as  ammonia  and  hydrochloric  acid,  ai'e  absorbed  to  an  enor- 
mous extent ;  and  between  these  extremes  there  are  various  inter- 
mediate degrees.  Generally,  the  colder  the  water,  the  more  gas 
does  it  dissolve ;  a  boiling  heat  disengages  the  whole,  if  the  gas  be 
not  very  soluble. 

When  water  is  heated  in  a  strong  vessel  to  a  temperature  above 
that  of  the  ordinary  boiling-point,  its  solvent  powers  are  still  farther 
increased.  Dr.  Turner  inclosed  in  the  upper  part  of  a  high-pressure 
steam-boiler,  worked  at  300"  (1490C),  pieces  of  plate  and  a'cwn 
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glass.  At  the  expiration  of  four  months  the  glass  was  found  com- 
pletely corroded  by  the  action  of  the  water ;  what  remained  was  a 
white  mass  of  silica,  destitute  of  alkali,  while  stalactites  of  siliceoiis 
matter,  above  an  inch  in  length,  depended  from  the  little  wire  cage 
which  inclosed  the  glass.  This  experiment  tends  to  illustrate  the 
changes  which  may  be  produced  by  the  action  of  water  at  a  high 
temperature  in  the  interior  of  the  eai'th  upon  felspathic  and  other 
rocks.  Something  of  the  sort  is  manifest  in  the  Geyser  springs  of 
Iceland,  which  deposit  siliceous  sinter.* 

Binoxide  of  hydrogen,  sometimes  called  oxygenated  water,  is  an  ex- 
ceedingly interesting  substance,  but  unfortunately  very  difficult  of  pre- 
paration. It  is  fomed  by  dissolving  the  binoxide  of  baiium  in  dilute 
hydrochloric  acid,  carefully  cooled  by  ice,  and  then  precipitating  the 
baiyta  by  sulphuric  acid  ;  the  excess  of  oxygen  of  the  binoxide,  instead 
of  being  disengaged  as  gas,  unites  with  a  portion  of  the  water, 
and  converts  it  into  binoxide  of  hydrogen.  This  treatment  is  repeated 
with  the  same  solution  and  fresh  portions  of  the  binoxide  of  barium 
until  a  considerable  quantity  of  the  latter  has  been  consumed,  and  a 
corresponding  amount  of  binoxide  of  hydrogen  formed.  The  liquid 
yet  contains  hydrochloric  acid,  to  get  rid  of  which  it  is  treated  in  suc- 
cession with  sulphate  of  silver  and  baryta-water.  The  whole  process 
requires  the  utmost  care  and  attention.  The  binoxide  of  barium  itself 
is  prepared  by  exposing  pure  baryta,  contiiined  in  a  red-hot  porcelain 
tube,  to  a  stream  of  oxygen.  The  solution  of  binoxide  of  hydrogen 
may  be  concentrated  under  the  air-pump  receiver  until  it  acquires  the 
specific  gravity  of  1"45.  In  this  state  it  presents  the  aspect  of  a 
colourless,  transparent,  inodorous  liquid,  possessing  remarkable  bleach- 
ing powers.  It  is  very  prone  to  decomposition ;  the  least  elevation  of 
temperature  causes  effervescence,  due  to  the  escape  of  oxygen  gas; 
near  212°  (100°C)  it  is  decomposed  with  explosive  violence.  Bin- 
oxide of  hydrogen  contains  exactly  twice  as  much  oxygen  as  water, 
or  16  parts  to  1  part  of  hydrogen. 

A  teroxide  of  hydrogen^  likewise  exists,  although  it  has  never  been 
obtained  in  the  pure  state.  Its  properties  are  similar  to  those  of  the 
binoxide ;  it  is  likewise  a  powerful  oxidizing  agent.  According  to 
recent  researches  of  Dr.  Baumert,  minute  quantities  of  this  substance  are 
formed  in  the  decomposition  of  water  by  electricity,  and  impart  the 
odour  by  which  the  products  of  this  process  are  characterized.  It 
has  been  mentioned  that  this  peculiar  odour,  which  is  evolved  in 
several  processes,  such  as  the  oxidation  of  phosphorus,  the  passage 
of  the  electric  spark  through  gases  containing  oxygen,  is  ascribed  to  the 

*  Phil.  Mag.  Oct.  1834. 

t  In  symbols  the  composition  of  water  and  binoxide  of  hvdroeen  is  thus 
expressed ; —  d 
Water  ....  HO 
Binoxide  of  Hydrogen        .       HO  o 
Teroxide  of  Hydrogen  .         .   HO  3 
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same  substance,  namely,  ozone.  Dr.  Baumert's  expei'iments  show 
there  are  at  least  two  substances  which  have  hitherto  been  confounded 
imder  the  term  ozone  ;  for  the  odour  prodiiced  by  the  passage  of 
the  electric  spark  through  atmospheric  air  cannot  possibly  be  due  to  the 
formation  of  teroxide  of  hydrogen.  It  is  not  known  whether  the 
odorous  substance,  which  is  generated  during  the  oxidation  of  phos- 
phorus, is  teroxide  of  hydrogen,  or  identical  with  the  ozone  of  the 
electric  spark. 


NITROGEN. 

Nitrogen*  constitutes  about  |  of  the  atmosphere,  and  enters  into  a 
great  variety  of  combinations.  It  may  be  prepared  for  the  purpose 
of  experiment  by  several  methods.  One  of  the  simplest  of  these  is  to 
burn  out  the  oxygen  from  a  confined  portion  of  air  by  phosphorus,  or 
by  a  jet  of  hydrogen. 

A  small  porcelain  capsule  is  floated  on  the  water  of  the  pneumatic 
trough,  and  a  piece  of  phosphorus  placed  in  it  and  set  on  fire.  A 
bell-jar  is  then  inverted  over  the  whole,  and  suffered  to  rise  on  the 

shelf  of  the  trough,  so  as  to 


Fig.  88. 


project  a  little  over  its  edge. 
At  first  the  heat  causes  expan- 
sion of  the  air  of  the  jar,  and  a 
few  bubbles  are  expelled,  after 
which  the  level  of  the  water 
rises  considerably.  When  the 
phosphorus  becomes  extin- 
guished by  exhaustion  of  the 
oxygen,  and  time  has  been 
given  for  the  subsidence  of  the 
cloud  of  finely-divided  snow- 
like phosphoric  acid,  which 
floats  in  the  residual  gas,  the 
nitrogen  may  be  decanted  into 
another  vessel,  and  its  properties 
examined. 

Prepared  by  the  foregoing  process,  nitrogen  is  contaminated  by  a 
little  vapour  of  phosphoras,  which  communicates  its  peculiar  odour. 
A  preferable  method  is  to  fill  a  porcelain  tube  with  turnings  of  copper, 
or,  still  better,  with  the  spongy  metal  obtained  by  reducing  the  oxide 
by  hydroo-en :  to  heat  this  tube  to  redness,  and  then  pass  through  it 
a  stream  of  atmospheric  air,  the  oxygen  of  which  is  entirely  removed 
during  its  progress  by  the  heated  copper.  .    .1    i  , 

If  chlorine  gas  be  passed  into  solution  of  ammonia,  the  latter  sub- 
stance which  is  a  compound  of  nitrogen  with  hydrogen,  is  decom- 
posed ;  the  chlorine  combines  with  the  hydrogen,  iuid  the  nitrogen  is 

*  i.  e.  Generator  of  nitro ;  also  called  azote,  from  o,  privative,  and  ?<ui,.  Ufe. 
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set  free  with  effenrescence.  In  this  manner  very  pure  nitrogen  can  be 
obtained.  In  malting  this  experiment,  it  is  necessary  to  stop  short  of 
saturating  or  decomposing  the  whole  of  the  ammonia,  otherwise  there 
will  be  great  risk  of  accident  from  the  formation  of  an  exceedingly 
dangerous  explosive  compound  formed  by  the  contact  of  chlorine  with 
an  ammoniacal  salt. 

Nitrogen  is  destitute  of  colour,  taste,  and  smell;  it  is  a  little  lighter 
than  air,  its  density  being  according  to  Dumas,  0-972.  100  cubic 
inches,  at  60°  (15°-5C),  and  30  inches  barometer,  will  therefore  weigh 
80*14  grains.  Nitrogen  is  incapable  of  sustaining  combustion  or 
animal  existence,  although,  like  hydrogen,  it  has  no  positive  poisonous 
properties ;  neither  is  it  soluble  to  any  notable  extent  in  water 
or  in  caustic  alkali ;  it  is,  in  fact,  best  chai-acterized  by  negative 
properties. 

The  exact  composition  of  the  atmosphere  has  repeatedly  been  made 
the  subject  of  experimental  research.  Besides  nitrogen  and  oxygen, 
tlie  air  contains  a  little  carbonic  acid,  a  very  variable  proportion  of 
aqueous  vapour,  a  trace  of  ammonia,  and,  perhaps,  a  little  carbonetted 
hydrogen.  The  oxygen  and  nitrogen  ai'e  in  a  state  of  mixture,  not  of 
combination,  yet  their  ratio  is  always  uniform.  Air  has  been  brought 
from  lofty  Alpine  heights,  and  compared  with  that  from  the  plains  of 
Egypt ;  it  has  been  brought  from  an  elevation  of  21,000  feet  by  the 
aid  of  a  balloon ;  it  has  been  collected  and  examined  in  London  and 
Paris,  and  many  other  districts  ;  still  the  proportions  of  oxygen  and 
nitrogen  remain  unaltered,  the  difl\isive  energy  of  the  gases  being 
adequate  to  maintain  this  perfect  imiformity  of  mixture.  The  car- 
bonic acid,  on  the  contrary,  being  much  influenced  by  local  causes, 
varies  considerably.  In  the  following  table  the  proportion  of  oxygen 
and  nitrogen  are  given  on  the  authority  of  M.  Dumas,  and  the  car- 
bonic acid  on  that  of  De  Saussure  ;  the  ammonia,  the  discovery  of 
which  in  atmospheric  air  is  due  to  Liebig,  is  too  small  in  quimtity  for 
direct  estimation. 

Composition  of  the  Atmosphere. 

By  weight.  By  measure. 

Nitrogen  77  parts    ....  79-19 

Oxygen   23     „      ....  20-81 


100  100-00 

Carbonic  acid,  from  3-7  measures  to  6-2  measures,  in  10,000  mea- 
sures of  air, 

x\queous  vapour  variable,  depending  much  upon  the  temperature. 
Ammonia,  a  trace. 

100  cubic  inches  of  pure  and  dry  air  weigh,  according  to  Dr.  Prout, 
31-0117  grains  ;  the  temperature  being  60°  F.  (15o-5C)  and  the 
barometer  standing  at  30  inches. 
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^0-  The  analysis  of  air  is  A'ery  well  effected  by 

passing  it  over  finely-divided  copper  contained  in 
a  tube  of  hard  glass,  carefully  weighed,  and  then 
heated  to  redness ;  the  nitrogen  is  suffered  to  flow 
into  an  exhausted  glass  globe,  also  previously 
weighed.  The  increase  of  weight  after  the  experi- 
ment gives  the  infonnation  sought. 

An  easier,  but  less  accurate  method,  consists  in 
introducing  into  a  graduated  tube,  standing  over 
water,  a  known  quantity  of  the  air  to  be  exa- 
mined, and  then  passing  into  the  latter  a  stick 
of  phosphorus  affixed  to  the  end  of  a  wire.  The 
whole  is  left  about  twenty-four  hours,  during 
which  the  oxygen  is  slowly  but  completely  ab- 
sorbed, after  which  the  phosphorus  is  withdrawn, 
and  the  residual  gas  read  off. 

Professor  Liebig  has  lately  proposed  to  use 
an  alkaline  solution  of  pyrogalUc  acid  (a  sub- 
stance which  will  be  described  in  the  department 
of  organic  chemistry)  for  the  absoii^tion  of  oxygen.  The  absorptive 
power  of  such  a  solution,  which  turns  deep  black  on  coming  in  con- 
tact with  the  oxygen,  is  very  considerable.  Liebig's  method  com- 
bines great  accuracy  with  unusual  rapidity  and  facility  of  exe- 
cution. 

Another  plan  is  to  mix  the  air  with  hydrogen  and  pass  an  electric 
spark  ;  after  explosion  the  volume  of  gas  is  read  oft'  and  compared 
with  that  of  the  air  employed.  Since  the  analysis  of  gaseous  bodies 
by  explosion  is  an  operation  of  great  importance  in  practical  che- 
mistry, it  may  be  worth  while  describing  the  process  in  detail,  as  it 
is  applicable,  with  certain  .'obvious  variations,  to  a  number  of  ana- 
logous cases. 

A  convenient  foim  of  apparatus  for  the  pm-pose  is  the  siphon 
eudiometer  of  Dr.  Ure ;  this  consists  of  a  stout  glass  tube, 
having  an  internal  diameter  of  about  one-third  of  an  inch,  closed 
at  one  end,  and  bent  into  the  form  represented  in  the  drawing. 
(Fig.  90.)  Two  pieces  of  platinimi  wire,  melted  into  the  glass  near 
the  closed  extremity,  serve  to  give  passage  to  the  spark.  The 
closed  limb  is  carefully  graduated.  When  required  for  use,  the 
instrument  is  filled  with  mercury  and  inverted  into  a  vessel  of  the 
same  fluid.  A  quantity  of  the  air  to  be  examined  is  then  introduced, 
the  manipulation  being  precisely  the  same  as  with  experiments  over 
water ;  the  open  end  is  stopped  with  the  thumb,  and  the  air  trans- 
ferred to  the  closed  extremity.  The  instrument  is  next  held  upriglit, 
and  after  the  level  of  the  mercury  has  been  made  equal  on  both  sides 
by  displacing  a  portion  from  the  open  limb  by  thrusting  down  a  ])iece 
of  stick,  the  volume  of  air  is  read  off.  This  done,  the  open  part  of 
the  tube  is  again  filled  up  with  mercury,  closed  with  the  finger. 
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inverted  into  the  liquid  metal,  and  a  quantity 
of  pure  hydrogen  introduced,  equal,  as  nearly 
as  can  be  guessed,  to  about  half  the  volume 
of  the  aii\  The  eudiometer  is  once  more 
brought  into  an  erect  position,  the  level  of 
the  mei'cury  equalized,  and  the  volume  again 
read  off ;  the  quantity  of  hydrogen  added  is 
thus  accurately  ascertained.  All  is  now 
ready  for  the  explosion  ;  the  instrument  is 
held  in  the  way  represented,  the  open  end 
being  firmly  closed  by  the  thumb,  while  the 
knuckle  of  the  forefinger  touches  the  nearer 
platinum  wire  ;  the  spark  is  then  passed  by 
the  aid  of  a  charged  jar  or  a  good  electropho- 
rus,  and  the  explosion  ensues.  The  air  con- 
fined by  the  thumb  in  the  open  part  of  the 
tube  acts  as  a  spring  and  moderates  the 
explosive  effect.  Nothing  now  remains  but 
to  equalize  the  level  of  the  mercury  by 
pouring  a  little  more  into  the  instrument, 
and  then  to  read  off  the  volume  for  the  last  time. 

What  is  required  to  be  known  from  this  experiment  is  the  diminu- 
tion the  mixture  suffers  by  explosion ;  for  since  tlie  hydrogen  is 
in  excess,  and  since  that  body  unites  with  oxygen  in  the  pro- 
portion by  measure  of  two  to  one,  one-third  part  of  that  diminution 
must  be  due  to  the  oxygen  contained  in  the  air  introduced.  As  the 
amount  of  the  latter  is  known,  the  proportion  of  oxygen  it  contains 
thus  admits  of  determination.  The  case  supposed  will  render  this 
clear. 

Air  introduced  .  .  .  .100  measures. 


Air  and  hydrogen   .  .  .  1 50 

Volume  after  explosion  .  ,  .87 

Diminution  ...  63 

6  3 

=21  ;  oxygen  in  the  hundred  measures. 

The  working  pupil  will  do  well  to  acquire  dexterity  in  the  use  of 
this  valuable  instrument,  by  practising  the  transference  of  gas  or  liquid 
from  the  one  limb  to  tlie  other,  &c.  In  the  analysis  of  combustible 
gases  by  explosion  with  oxygen,  solution  of  caustic  potassa  is  often 
required  to  be  introduced  into  the  closed  part. 

Compounds  of  Nitrogen  and  Oxygen. 

There  are  not  less  than  five  distinct,  compounds  of  nitrogen  and 
oxygen,  tluis  named  and  constituted. 
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Composition  by  weight. 
Nitrogen.  Oxygen. 
Pi'oto.xide  of  nitrogen*  .       .       ,    14    ...  8 

Binoxide  of  nitrogeuf        .       •       .        14    ...  16 

Nitrous  acid  14    ...  24 

Hyponitric  acidf  .  .  .  .  14  ...  32 
Nitric  acidj  14    ...  40 

Nitric  or  Azotic  Acid. — In  certain  parts  of  India,  and  also  in 
other  hot  dry  climates  where  rain  is  rare,  the  surface  of  the  soil  is 
occasionally  covered  by  a  saline  efflorescence,  like  that  sometimes 
apparent  on  newly-plastered  walls  :  this  substance  collected,  dissolved 
in  hot  water,  the  solution  filtered  and  made  to  crystallize,  furnishes 
the  highly-important  salt  known  in  commerce  as  nitre  or  saltpetre  : 
it  is  a  compound  of  nitric  acid  and  potassa.  To  obtain  liquid  nitric 
acid,  equal  weights  of  powdered  nitre  and  oil  of  vitriol  are  introduced 
into  a  glass  retort,  and  heat  applied  by  means  of  an  Argand  gas-lamp 
or  charcoal  chaulfer.  A  flask,  cooled  by  a  wet  cloth,  is  adapted  to 
tlie  retort,  to  serve  for  a  receiver.  No  luting  of  any  kind  must  be 
used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise  disap- 
pear, but  towards  the  end  of  the  process  again  become  manifest. 
When  this  happens,  and  very  little  liquid  passes  over,  while  the 
greater  part  of  the  saline  matter  of  the  retort  is  in  a  state  of  tranquil 
fiision,  the  operation  may  be  stopped  ;  and  when  the  retort  is  quite 
cold,  water  may  be  introduced  to  dissolve  out  the  bisulphate  of  potassa. 
The  reaction  is  thus  explained.  || 


Nitre  /  •'^^^^  ''^  ^'^''^  Liquid  nitric  acid. 


Oil  ofviti-iol   I  Sulphuric  acid__l:i^  Bisulphate  of  potassa. 


In  the  manufacture  of  nitric  acid  on  the  large  scale,  the  glass  retort 
is  replaced  bv  a  cast-iron  cylinder,  and  the  receiver  by  a  series 
of  earthen  condensing  vessels  connected  by  tubes.  Nitrate  of  soda, 
found  native  in  Peru,  is  often  substituted  for  nitrate  of  potassa. 

*  Otherwise  called  nitrous  oxide.         t  Otherwise  called  nitric  oxide. 

t  Called  by  Professor  Graham  peroxide  of  nitrogen. 

5  In  symbols  the  composition  of  these  substances  is  thus  expressed  :— 
Protoxide  of  nitrogen     .         .         .         .  NO 
Binoxide  of  nitrogen  ....  NO2 

Nitrous  acid  .....  NO3 
Hyponitric  acid  .....  NO4 
Nitric  acid  .....  NO5 

II  KO.NOs    +    2(H0,S08)   =   KO.SO3 ;  HO.SOa    +  HO.NOj 

Nitrate  of        Sulphuric  Bisulphate  of 

T'  Potassa.  Acid.     •  Potassa. 
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Liquid  nitric  acid  so  obtained  has  a  specific  gravity  of  from  1'5  to 
1'52  ;  it  has  a  golden-yellow  colour,  which  is  due  to  nitrous  or  hypo- 
nitric  acid  held  in  solution,  and  which,  when  the  acid  is  diluted  with 
water,  gives  rise  by  its  decomposition  to  a  disengagement  of  nitric  oxide. 
It  is  exceedingly  corrosive,  staining  the  skin  deep  yellow,  and  causing 
total  disorganization.  Poured  upon  red-hot  powdered  charcoal,  it 
causes  brilliant  combustion ;  and  when  added  to  warm  oil  of  turpen- 
tine, acts  upon  that  substance  so  energetically  as  to  set  it  on  fire. 

Pure  liquid  nitric  acid,  in  its  most  concentrated  form,  is  obtained  by 
mixing  the  above  with  about  an  equal  quantity  of  oil  of  vitriol,  redis- 
tilling, collecting  apart  the  first  portion  which  comes  over,  and  expos- 
ing it  in  a  vessel  slightly  warmed,  and  sheltered  from  the  light,  to 
a  current  of  dry  air,  made  to  bubble  through  it,  which  completely 
removes  the  niti'ous  acid.  In  this  state  the  product  is  as  colourless 
as  water;  it  has  the  sp.  gr.  1*517  at  60°  (15o"5C),  boils  at 
184'^  (84-^-5C),  and  consists  of  54  parts  real  acid,  and  9  parts 
water.  Although  nitric  acid  in  a  more  dilute  form  acts  very 
violently  upon  many  metals,  and  upon  organic  substances  generally, 
this  is  not  the  case  with  the  compound  in  question  ;  even  at  a  boiling 
heat  it  refuses  to  attack  iron  or  tin,  and  its  mode  of  action  on  lignin, 
starch,  and  similar  substances  is  quite  peculiar,  and  very  much  less 
enersetic  than  that  of  an  acid  containing  more  water. 

A  second  definite  compound  of  real  nitric  acid  and  water  exists, 
containing  54  parts  of  the  former  to  36  pai'ts  of  the  lattei'.  Its  sp. 
gr.  at  60°  (15°-5C)  is  1-424,  and  it  boils  at  250°  (121°C).  An  acid 
weaker  than  this  is  concentrated  to  this  point  by  evaporation  ;  and 
one  stronger,  reduced  to  the  same  strength  by  loss  of  nitric  acid  and 
watfer  in  the  form  of  the  first  hydrate.* 

Absolute  nitric  acid,  in  the  separate  state,  was  unknown  up  to 
1849,  when  M.  Deville  succeeded  in  obtaining  this  remarkable 
substance  by  exposing  nitrate  of  silver,  which  is  a  combination  of 
nitric  acid,  silver,  and  oxygen,  to  the  action  of  chlorine  gas.  Chlorine 
and  silver  combine,  forming  chloride  of  silver,  which  j'emains  in  the 
apparatus,  whilst  oxygen  and  anhydrous  nitric  acid  separate.  The 
latter  is  a  colourless  substance,  crystallizing  in  six-sided  columns, 
which  fuse  at  86°  (30C°),  and  boil  between  113°  and  122°  (45"  and 
50^0),  when  they  commence  to  be  decomposed.  Anhydrous  nitric 
acid  has  been  found  to  explode  sometimes  spontaueously.  It  dis- 
solves in  water  with  evolution  of  much  heat,  forming  hydrated 
nitric  acid.    It  consists  of  14  parts  of  nitrogen  and  40  parts  of  oxygen. 

Nitric  acid  forms  with  bases  a  very  extensive  and  important  group 
of  salts,  the  nitrates,  which  are  remarkable  for  all  being  soluble  in 
water.  The  hydrated  acid  is  of  great  use  in  the  laboiatoiy,  and  also 
in  many  branches  of  industry. 

wn  '^''i  'vn ''^'i^'J^f of  nitric  add  arc  thus  expressed  by  symbols  .—NO,, 
^pews  to  exist  compound  containing  two  equivalents  of  wate*r 
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The  acid  prepared  in  the  way  described  is  apt  to  contain  traces  of 
chlorine  from  common  salt  in  the  nitre,  and  sometimes  of  sulphate  from 
accidental  splashing  of  the  pasty  mass  in  the  retort.  To  discover 
these  impurities,  a  portion  is  diluted  with  four  or  five  times  its  bulk 
of  distilled  water,  and  divided  between  two  glasses.  Solution  of 
nitrate  of  silver  is  dropped  into  the  one,  and  solution  of  nitrate  of 
baryta  into  the  other ;  if  no  change  ensue  in  either  case,  the  acid  is 
free  fi'om  the  impurities  mentioned. 

Nitric  acid  has  been  formed  in  small  quantity  by  a  very  curious 
process,  namely,  by  passing  a  series  of  electric  sparks  through  a  por- 
tion of  air  :  water,  or  an  alkaline  solution  being  present.  The  amount 
of  acid  so  formed  after  many  hours  is  veiy  minute ;  still  it  is  not  im- 
possible that  powerful  discharges  of  atmospheric  electricity  may  some- 
times occasion  a  trifling  production  of  nitric  acid  in  the  air.  A  very 
minute  quantity  of  nitric  acid  is  also  produced  by  the  combustion  of 
hydrogen  and  other  substances  in  the  atmosphere ;  it  is  also  formed 
by  the  oxidation  of  ammonia. 

Nitric  acid  is  not  so  easily  detected  in  solution  in  small  quantities 
as  many  other  acids.  Owing  to  the  solubility  of  all  its  compounds, 
no  precipitant  can  be  fomid  for  this  substance*  One  of  the  best  tests 
is  its  power  of  bleaching  a  solution  of  indigo  in  sulphuric  acid  when 
boiled  with  that  liquid.  The  absence  of  chlorine  must  be  insured  in 
this  experiment  by  means  which  will  hereafter  be  described,  otherwise 
the  result  is  equivocal. 

Protoxide  of  Nitrogen;  Nitrous  Oxide;  (laughing  gas). — When 
solid  nitrate  of  ammonia  is  heated  in  a  retort  or  flask,*  fig.  91,  fur- 
nished with  a  perforated  cork  and  bent  tube,  it  is  resolved  into  water 
and  nitrous  oxide.  The  nature  of  the  decomposition  will  be  under- 
stood from  the  subjoined  diagram. f 


Nitric  acid 
54 

Nitrate  of  . 
Ammonia  'S  Ammonia 


80 


n 

Water 
9  — 


i Nitrogen 
Oxygen 
Oxygen 
Oxygen 
C  Nitrogen 
\  Hydrogen 


Protox.   nitrogen  22 


Protox.  nitrogen 
AVater  27 

-Water  9. 


22 


*  Florenc?  oil-flasks,  which  may  be  purchased  at  a  very  trifling  sum,  con- 
stitute exceedingly  useful  vessels  for  chemical  purposes,  and  often  supersede 
retorts  or  other  expensive  apparatus.  They  are  rendered  still  more  valuable 
by  cutting  the  neck  smoothly  round  with  a  hot  iron,  softening  it  in  the  flame 
of  a  good  Argand  gas-lamp,  and  then  turning  over  the  edge  so  as  to  form  a 
lip.  or  border.  The  neck  will  then  bear  a  tightly-fitting  cork  without  risk  of 
splitting. 

t      NH^O.NOs         =  2N0         -I-  4nO 

Ivitrate  of'  Protoxide  of  Water.  . 

Ammonia.  Nitrogen. 
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No  particular  precaution  is  required  in  the  operation,  save  due 
regulation  of  the  heat,  and  the  avoid-  pig.  91. 

ance  of  tumultuous  disengagement  of  the 
gas. 

Protoxide  of  nitrogen  is  a  colourless, 
ti-ansparent,  and  almost  inodorous  gas, 
of  distinctly  sweet  taste.  Its  specific 
gravity  is  1*525 ;  100  cubic  inches 
weigh  47"29  grains.  It  supports  the 
combustion  of  a  taper  or  a  piece  of 
phosphorus  with  almost  as  much  energy 
as  pure  oxygen;  it  is  easily  distin- 
guished, however,  from  that  gas  by  its 
solubility  in  cold  water,  which  dis- 
solves nearly  its  own  volume ;  hence 
it  is  necessary  to  use  tepid  water  in 
the  pneumatic  trough  or  gas-holder, 
otherwise  great  loss  of  gas  will  ensue. 
Nitrous  oxide  has  been  liquefied,  but 
with  difficulty;  it  requires,  at  45° 
(7°'2C),  a  pressure  of  50  atmospheres ;  the  liquid  when  exposed 
under  the  bell-glass  of  the  air-pump  is  rapidly  converted  into  a  snow- 
like solid.  When  mixed  with  an  equal  volume  of  hydrogen,  and  fired 
by  the  electric  spark  in  the  eudiometer,  it  explodes  with  violence,  and 
liberates  its  own  measure  of  nitrogen.  Every  two  volumes  of  the  gas 
must  consequently  contain  two  volumes  of  nitrogen  and  one  volume 
of  oxygen,  the  whole  being  condensed  or  contracted  one-third  ;  a  con- 
stitution resembling  that  of  vapour  of  water.* 

The  most  remarkable  feature  in  this  gas  is  its  intoxicating  power 
upon  the  animal  system.  It  may  be  respired,  if  quite  pure,  or 
merely  mixed  with  atmospheric  air,  for  a  short  time,  without  danger 
or  inconvenience.  The  effect  is  very  transient,  and  is  not  followed  by 
depression. 

Binoxide  of  Nitrogen. — Clippings  or  turnings  of  copper  are  put 
into  the  apparatus  employed  for  preparing  hydi-ogen,f  together  with 
a  little  water,  and  nitric  acid  added  by  the  funnel  until  brisk  effer- 
vescence is  excited.  The  gas  may  be  collected  over  cold  water,  as  it  is 
not  sensibly  soluble. 

The  reaction  is  a  simple  deoxidation  of  some  of  the  nitric  acid  by 
the  copper ;  the  metal  is  oxidized,  and  the  oxide  so  formed  is  dissolved 
by  another  portion  of  the  acid.    Nitric  acid  is  very  prone  to  act  thus 
upon  certain  metals.  J 
•  See  page  121. 

J  4(H0,  NOi.)  +    3Cu      =       4NO2  + 

Nitric  Acid.      Copper.  Binoxide  of  Nitrate  of 

Nitrogen.  Copper. 


t  See  page  111. 
3(CuO,N05  +  4H0. 

Water. 
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The  gas  obtained  in  this  maimer  is  colourless  and  transparent;  in 
contact  with  air  or  oxygen  gas  it  produces  dee])-red  fumes,  which  are 
readily  absorbed  by  water:  this  chai'acter  is  sufficient  to  distinguish  it 
from  all  other  gaseous  bodies.  A  lighted  taper  plunged  into  the  gas 
is  extinguished ;  lighted  phosphorus,  however,  bums  in  it  witli  gi-eat 
brilliancy. 

The  specific  gi-avity  of  binoxide  of  nitrogen  is  1-039  ;  100  cubic 
inches  weigh  32-22  grains.  It  contains  equal  measures  of  oxygen  and 
nitrogen  gases  united  without  condensation.  When  this  gas  is  passed 
into  a  solution  of  protoxide  of  iron  it  is  absorbed  in  large  quantity,  and  a 
deep-brown  or  nearly  black  liquid  produced,  which  seems  to  be  a 
definite  compound  of  the  two  substances.  The  compound  is  again 
decomposed  by  boiling. 

Nitrous  Acid. — Four  measm-es  of  binoxide  of  nitrogen  are  mixed 
with  one  measure  of  oxygen,  and  the  gases,  perfectly  dry,  exposed  to  a 
temperature  of  0°  (  —  17^"8C).  They  condense  to  a  thin  mobile 
green  liquid.    Its  vapour  is  orange-red. 

Nitrous  acid  is  decomposed  by  water,  being  converted  into  nitric 
acid  and  binoxide  of  nitrogen.  For  this  reason  it  cannot  be  made  to 
unite  directly  with  metallic  oxides :  nitrite  of  potassa  may,  however, 
be  prepared  by  fusing  nitrate  of  potassa,  when  part  of  its  oxygen  is 
evolved ;  and  many  other  salts  of  nitrous  acid  may  be  obtained  by 
indirect  means. 

Ili/pmiitric  Acid. — It  has  been  doubted  whether  the  term  acid 
applied  to  this  substance  be  correct,  since  it  seems  to  possess  the 
power  of  forming  salts  only  in  a  very  limited  degree ;  the  ex- 
pression has,  notwithstanding,  been  long  sanctioned  by  use.  More- 
over, a  beautiful  crystalline  lead-salt  of  this  substance  has  been 
discovered  by  M.  Peligot.  It  is  formed  by  digesting  nitrate  of  lead 
with  metallic  lead. 

It  is  chiefly  the  vapour  of  hyponitric  acid  which  forms  the  deep-red 
fumes  always  produced  when  binoxide  of  nitrogen  escapes  into  the  air. 

Wlien  carefully-dried  nitrate  of  lead  is  exposed  to  heat  in  a  retort 
of  hard  glass,  it  is  decomposed ;  protoxide  of  lead  remains  behind, 
while  the  acid  is  resolved  into  a  mixture  of  oxygen  and  hyponitric  acid. 
By  surrounding  the  receiver  with  a  very  powerful  freezing  mixture, 
the  latter  is  condensed  to  the  liquid  form.  It  is  then  nearly  colour- 
less, but  acquires  a  yellow  and  ultimately  a  red  tint,  as  the  tempera- 
ture rises.  At  82°  (27°-8C)  it  boils,  giving  off  its  well-known  red 
vapour,  the  intensity  of  the  colour  of  which  is  gi-eatly  augmented  by 
elevation  of  temperature. 

This  substance,  like  the  preceding,  is  decomposed  by  water,  being 
resolved  into  binoxide  of  nitrogen  and  nitric  acid.  Its  vapour  is 
absorbed  by  strong  niti  ic  acid,  which  thereby  acquires  a  yellow  or  red 
tint,  passing  into  green,  then  into  blue,  and  afterwards  disappeanui: 
altogether  on  the  addition  of  successive  portions  of  water.    The  deeji- 
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red  fiimiag  acid  of  commerce,  called  nitrous  acid,  is  simply  nitric  acid 
impregnated  with  hyponitric  acid  gas.* 


Nitrogen  appears  to  combine,  under  favourable  circumstances,  with 
metals.  When  iron  and  copper  are  heated  to  redness  in  an  atmo- 
sphere of  ammonia,  they  become  brittle  and  crystalline,  but  without 
sensible  alteration  of  weight.  M.  Schrotter  has  shown  that  in  the 
case  of  copper,  at  least,  this  effect  is  caused  by  the  formation  and  sub- 
sequent destruction  of  a  nitride,  that  is,  a  compound  of  nitrogen  with 
copper.  When  ammonia  is  passed  over  protoxide  of  copper  heated  to 
57U°  (298°'9C),  water  is  formed,  imd  a  soft  brown  powder  produced, 
which,  when  heated  farther  evolves  nitrogen,  and  leaves  metallic 
copper.  The  same  efi'ect  is  produced  by  the  contact  of  strong  acids. 
A  similar  compound  of  chromium  with  nitrogen  appears  to  exist. 

CARBON. 

This  substance  occurs  in  a  state  of  purity,  and  crystallized,  in  two 
distinct  and  very  dissimilar  forms,  namely,  as  diamond,  and  as  gra- 
phite or  plumbago.  It  constitutes  a  large  proportion  of  ail  oi-ganic 
structures,  animal  and  vegetable;  when  these  latter  ai'e  exposed  to  de- 
structive distillation  in  close  vessels,  a  gi-eat  part  of  their  carbon  remains, 
obstinately  retaining  some  of  the  hydrogen  and  oxygen,  and  associated 
with  the  earthy  and  alkaline  matter  of  the  tissue,  giving  rise  to  the 
many  varieties  of  charcoal,  coke,  &c. 

The  diamond  is  one  of  the  most  remarkable  substances  known  :  long 
prized  on  account  of  its  brilliancy  as  an  ornamental  gem,  the  discovery 
of  its  curious  chemical  nature  confers  upon  it  a  high  degree  of  scientific 
interest.  Several  localities  in  India,  the  island  of  Borneo,  and  more 
especially  Brazil,  funiish  this  beautiful  substance.  It  is  always  dis- 
tinctly crystallized,  often  quite  transparent  and  colourless,  hut  now 
and  then  having  a  shade  of  yellow,  pink,  or  blue.  The  origin  and 
true  geological  position  of  the  diamond  are  unknown;  it  is  always 
found  embedded  in  gravel  and  transported  materials,  whose  history 
cannot  be  traced.  The  crystalline  form  of  the  diamond  is  that  of  the 
regular  octahedron  or  cube,  or  some  figure  geometrically  connected 

*  Much  doubt  yet  hangs  over  the  true  nature  and  relations  of  these  two 
acids.  According  to  M.  Peligot,  the  only  product  of  the  union  of  binoxide  of 
nitrogen  and  oxygen  is  hyponitric  acid,  which,  in  the  total  absence  of  water  is 
a  white  soUd  crystalline  body,  fusible  at  16"  (  —  8"-9C).  At  common  tem- 
peratures It  IS  an  orange-yellow  liquid.  The  same  product  is  obtained  bv 
heatmg  perfectly-dry  nitrate  of  lead.  From  these  experiments  it  would  appear 
that  nitrous  acid  in  a  separate  state  is  unknown.  Ann.  Chmi  et  Phvs  "ird 
sprifis  ii  .IR  ^ 
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with  these.  Many  of  the  octahedral  crystals  exhibit  a  very  peculiar 
appearance,  arising  from  the  faces  being  curved  or  rounded,  which 
gives  to  the  crystal  an  almost  spherical  figure. 

^  The  diamond  is  infusible  and  unalterable  by  a  very  intense  heat,  pro- 
vided air  be  excluded;  but  when  heated,  thus  protected,  between  the 
poles  of  a  strong  galvanic  battery,  it  is  converted  into  coke  or  graphite  : 
heated  to  whiteness  in  a  vessel  of  oxygen,  it  burns  with  facility,  yielding 
carbonic  acid  gas.  ° 

Fig.  92. 


This  is  the  hardest  substance  known :  it  admits  of  being  split  or 
cleaved  without  difficulty  in  certain  particular  directions,  but  can  only 
be  cut  or  abi-aded  by  a  second  portion  of  the  same  material ;  the  powder 
rubbed  ofi"  in  this  process  serves  for  polishing  the  new  faces,  and  is 
also  highly  useful  to  the  lapidary  and  seal-engraver.  One  very  curious 
and  useful  application  of  the  diamond  is  made  by  the  glazier  :  a  frag- 
ment of  this  minei'al,  like  a  bit  of  flint,  or  any  other  hard  substance, 
scratches  the  surface  of  glass ;  a  crystal  of  diamond,  having  the 
rounded  octahedral  figure  spoken  of,  held  in  one  particular  position  on 
the  glass,  namely,  with  an  edge  formed  by  the  meeting  of  two  adja- 
cent faces  presented  to  the  surface,  and  then  drawn  along  with  gentle 
pressure,  causes  a  deep  split  or  cut,  which  penetrates  to  a  considerable 
depth  into  the  glass,  and  determines  its  fracture  with  perfect  cer- 
tainty. 

Graphite  or  plumbago  appears  to  consist  essentially  of  pure  carbon, 
although  most  specimens  contain  iron,  the  quantity  of  which  varies 
from  a  mere  trace  up  to  five  per  cent.  Graphite  is  a  somewhat  rare 
mineral  :  the  finest  and  most  valuable  for  pencils  is  brought  from 
Borrowdale,  in  Cumberland,  where  a  kind  of  irregular  vein  is  found 
traversing  the  ancient  slate-beds  of  that  district.  Crystals  arc  not 
common  :  when  they  occur,  they  have  the  figure  of  a  shoi-t  six-sided 
prism  ;■ — a  form  bearing  no  geometric  I'elation  to  that  of  the  diamond. 

Graphite  is  often  fonned  ai'tificially  in  certain  metallurgic  opera- 
tions :  the  brilliant  scales  which  sometimes  separate  from  melted  cast 
iron  on  cooling,  called  by  the  workmen  "  kish,"  consist  of  graphite. 

Lampblack,  the  soot  produced  by  the  imperfect  combustion  of  oil  or 
resin,  is  the  best  example  that  can  be  given  of  carbon  in  its  uncrystal- 
lized  or  amorphous  state.    To  the  same  class  belong  the  difterent  kinds 
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of  charcoal.  That  prepared  from  wood,  either  by  distillation  in  a 
large  iron  retort,  or  by  the  smothered  combustion  of  a  pile  of  fagots 
partially  covered  with  earth,  is  the  most  valuable  as  fuel.  Coke,  the 
charcoal  of  pit-coal  is  much  more  impure ;  it  contains  a  large  qu;mtity 
of  earthy  matter,  and  very  often  sulphur ;  the  quality  depending  very 
much  upon  the  mode  of  preparation.  Charcoal  from  bones  and  animal 
matters  in  general  is  a  very  valuable  substance,  on  account  of  the  extra- 
ordinary power  it  possesses  of  removing  colouring  matters  from  organic 
solutions ;  it  is  used  for  this  purpose  by  the  sugar-refiners  to  a  very 
great  extent,  and  also  by  the  manufacturing  and  scientific  chemist. 
The  property  in  question  is  possessed  by  all  kinds  of  charcoal  in  a  small 
degree. 

Charcoal  made  from  box,  or  other  dense  wood,  has  the  property  of 
condensing  into  its  pores  gases  and  vapours  ;  of  ammoniacal  gas  it  is 
said  to  absorb  not  less  than  ninety  times  its  volume,  while  of  hydrogen 
it  takes  up  less  than  twice  its  own  bulk,  the  quantity  being  apparently 
connected  with  the  property  in  the  gas  of  suflering  liquefaction.  This 
effect,  as  well  as  that  of  the  decolorizing  powei-,  no  doubt  depends  in 
some  way  upon  the  same  peculiar  action  of  surface  so  remarkable  in 
the  case  of  platinum  in  a  mixture  of  oxygen  and  hydrogen. 


Compounds  of  Carbon  and  Oxygen. 

There  are  two  direct  inorganic  compounds  of  carbon  and  oxygen, 
called  carbonic  oxide  and  carbonic  acid ;  their  composition  may  be  thus 
stated : — 

Composition  by  weight. 
^  *  ^ 

Carbon.  Oxygen. 
Carbonic  oxide       ...        6  8 
Carbonic  acid  .  .  ,  .6  16 

Garlonic  Acid  is  always  produced  when  charcoal  burns  in  air  or 
oxygen  gas;. it  is  most  conveniently  obtained,  however,  for  study,  by 
decomposing  a  carbonate  with  one  of  the  stronger  acids.  For  'this 
purpose,  the  apparatus  for  generating  hydrogen  may  again  be  em- 
ployed ;  fragments  of  marble  are  put  into  the  bottle  with  enough 
water  to  cover  the  extremity  of  the  funnel-tube,  and  hydrochloric*  or 
nitric  acid  added  by  the  latter,  until  the  gas  is  freely  disengaged. 
Chalk-powder  and  dilute  sulphuric  acid  may  be  used  instead  The 
gas  may  be  collected  over  water,  although  with  some  loss ;  or  very 

*CaO,COa  HCl      ,  =  +       HO     +  COj. 

Carbonate       Hyclrochloric       "chl^ride  of'      Iml^.  C^rtT^c 
of  Lime.  Acid.  Calcium.  Acid 
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conveniently  by  displacement,  if  it  be  required  dry,  as  shown  in  the 
figure.  The  long  drying-tube  is  filled  with  fragments  of  chloride  of 
calcium,  and  the  heavy  gas  is  conducted  to  the  bottom  of  the  vessel 
in  which  it  is  to  be  received,  the  month  of  the  latter  being  lightly 
closed.* 


Carbonic  acid  gas  is  colourless ;  it  has  an  agreeable  pungent  taste 
and  odour,  but  cannot  be  respired  for  a  moment  without  insensibility 
following.  Its  specific  gravity  is  l*524,t  100  cubic  inches  weighing 
47*26  grains. 

This  gas  is  very  hurtful  to  animal  life,  even  when  largely  diluted 
with  air  :  it  acts  as  a  naixotic  poison.  Hence  the  danger  arising  from 
imperfect  ventilation,  the  use  of  fire-places  and  stoves  of  all  kinds 
unprovided  with  proper  chimneys,  and  the  crowding  together  of  many 

Fig.  Si. 

*  In  connecting  tube-apparatus  for  convejong 
gases  or  cold  liquids,  not  corrosive,  little  tubes 
of  caoutcbouc  about  an  incb  long,,  are  inexpres- 
sibly useful.  These  are  made  by  bending  a  piece 
of  sheet  India-nibber  loosely  rotmd  a  glass  tube 
or  rod,  and  cutting  off  the  superfluous  portion 
with  sharp  scissors.  The  fresh-cut  edges  of  the 
caoutchouc,  pressed  strongly  together,  cohere 
completely,  and  the  tube  is  perfect,  provided  they 
have  not  been  soiled  by  touching  with  the  fingers. 
The  connectors  are  secured  by  two  or  three  turns 
of  thin  silk  cord.  The  glass  tubes  are  sold  by 
weight,  and  are  easily  bent  in  the  flame  of  a 
spirit-lamp,  and,  when,  necessary,  cut  by  scratch- 
ing with  a  file,  and  break  asunder. 

t  MM.  Dtilong  and  Berzelius. 
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individuals  in  houses  and  ships  without  efficient  means  for  renewing 
tlie  air  ;  for  carbonic  acid  is  constantl}^  disengaged  during  the  process 
of  respiration,  which,  as  we  have  seen  (page  109),  is  nothing  but  a 
process  of  slow  combustion.  This  gas  is  sometimes  emitted  in  large 
quantity  from  the  earth  in  volcanic  districts,  and  it  is  constantly  gene- 
rated where  organic  matter  is  in  the  act  of  undergoing  fermentive 
decomposition.  The  fatal  "  after-damp  "  of  the  coal-mines  contains  a 
large  proportion  of  carbonic  acid. 

A  lighted  taper  plunged  into  carbonic  acid  is  instantly  extinguished, 
even  to  the  red-hot  snuff.  When  diluted  with  three  times  its  volume  of 
air,  it  still  retains  the  power  of  extinguishing  a  light.  The  gas  is  easily 
known  from  nitrogen,  which  is  also  incapable  of  supporting  combustion, 
by  its  rapid  absorption  by  caustic  alkali,  or  by  lime-water ;  the  tur- 
bidity communicated  to  the  latter  fi  om  the  production  of  insoluble 
carbonate  of  lime  is  very  characteristic. 

Cold  water  dissolves  about  its  own  volume  of  carbonic  acid,  what- 
ever be  the  density  of  the  gas  with  which  it  is  in  contact ;  the  solution 
temporarily  reddens  litmus  paper.  In  common  soda-water,  and  also 
in  effervescent  wines,  examples  may  be  seen  of  this  solubility  of  the  gas. 
Even  boiling  water  absorbs  a  perceptible  quantity. 

Some  of  the  interesting  phenomena  attending  the  liquefaction  of 
carbonic  acid  have  been  already  described  ;  it  requires  for  the  purpose 
a  pressure  of  between  27  and  28  atmospheres  at  32*^  (0°C), 
according  to  Mr.  Addams.  The  Liquefied  acid  is  colourless  and  limpid, 
lighter  than  water  and  four  times  more  expansible  than  air;  it  mixes 
in  all  proportions  with  ether,  alcohol,  naphtha,  oil  of  turpentine, 
and  bisulphide  of  carbon,  and  is  insoluble  in  water  and  fat  oils.  It 
is  probably  destitute  when  in  this  condition  of  all  properties  of  an 
acid. 

Carbonic  acid  exists,  as  already  mentioned,  in  the  air  ;  relatively, 
its  quantity  is  but  small,  but  absolutely,  taking  into  account  the  vast 
extent  of  the  atmosphere,  it  is  very  great,  and  fully  adequate  to  the 
purpose  for  which  it  is  designed,  namely,  to  supply  to  plants  their 
carbon,  these  latter  having  the  power,  by  the  aid  of  their  green 
leaves,  of  decomposing  carbonic  acid,  retaining  the  carbon,  and 
expelling  the  oxygen.  The  presence  of  light  "is  essential  to  this 
extraordinary  effect,  but  of  the  manner  in  which  it  is  produced  we 
ai'e  yet  ignorant. 

The  carbonates  form  a  very  large  and  important  group  of  salts, 
some  of  which  occur  in  nature  in  great  quantities,  as  the  carbonates 
of  lime  and  magnesia. 

Carbonic  Oxide.~\N\\m  carbonic  acid  is  passed  over  red-hot  char- 
coal or  metallic  iron,  one-half  of  its  oxygen  is  removed,  and  it  becomes 
converted  into  carbonic  oxide.  A  very  good  method  of  preparing  this 
gas  is  to  introduce  into  a  flask  fitted  with  a  bent  tube  some  crystal- 
lized oxalic  acid,  or  salt  of  sorrel,  and  pour  upon  it  five  or  six  times  as 


* 


138 


SULPHUR. 


rauch  strong  oil  of  vitriol.*  On  heating  the  mixture  the  organic  acift 
is  resolved  into  water,  carbonic  acid,  and  carbonic  oxide ;  by  passing 
the  gases  through  a  strong  solution  of  caustic  potassa,  the  first  is  with- 
dravvn  by  absorption,  while  the  second  remains  unchanged.  Another, 
and  it  may  be  preferable  method,  is  to  heat  finely-powdered  yellow 
ferrocyanide  of  potassium  with  eight  or  ten  times  its  weight  of  con- 
centrated sulphuric  acid.  Tlie  salt  is  entirely  decomposed,  yielding 
a  most  copious  supply  of  perfectly  pure  carbonic  oxide  gas,  which  may 
be  collected  over  water  in  the  usual  manner.f 

Carbonic  oxide  is  a  combustible  gas  ;  it  bums  with  a  beautiful  pale 
blue  flame,  generating  carbonic  acid.  It  has  never  been  liquefied. 
It  is  colourless,  has  very  little  odour,  and  is  extremely  poisonous,  even 
worse  than  carbonic  acid.  Mixed  with  oxygen  it  explodes  by  the 
electric  spark,  but  with  some  difficulty.  Its  specific  gravity  is  0'973  ; 
100  cubic  inches  weigh  30"21  grains. 

The  I'elation  by  volume  of  these  oxides  of  carbon  may  thus  be  made 
intelligible  ; — cai'bonic  acid  contains  its  own  volume  of  oxygen,  that 
gas  suifering  no  change  of  bulk  by  its  conversion.  One  measure  of 
carbonic  oxide,  mixed  with  half  a  measure  of  oxygen  and  exploded, 
yields  one  measure  of  carbonic  acid ;  hence  carbonic  oxide  contains 
half  its  volume  of  oxygen. 

Carbonic  oxide  unites  with  chlorine  under  the  influence  of  light, 
forming  a  pungent,  suffocating  compound,  possessing  acid  properties, 
called  phosgene  gas,  or  chloro-carbonic  acid.  It  is  made  by  mixing 
equal  volumes  of  carbonic  oxide  and  chlorine,  both  perfectly  dry,  and 
exposing  the  mixture  to  sunshine  ;  the  gases  unite  quietly,  the  colour 
disappears,  and  the  volume  becomes  reduced  to  one-half  It  is  de- 
composed by  water. 


SULPHxm, 

This  is  an  elementaiy  body  of  great  importance  and  interest.  Sul- 
phur is  often  found  in  a  free  state  in  connection  with  deposits  of 
gypsum  and  rock-salt;  its  occurrence  in  volcanic  districts  is  probably 
accidental.  Sicily  furnishes  a  large  proportion  of  the  sulphm-  em- 
ployed in  Europe.  In  a  state  of  combination  with  iron  and  other 
metals,  and  as  sulphuric  acid,  united  to  lime  and  magnesia,  it  is  also 
abundant. 

*   H0,C20      +      HO.SOa      =  +  + 

OxaUc  Acid.        Coucentrated       Carbonic       Carbonic  Muted 
Sulphuric  Oxide.  Acid.  Sulphuric 

Acid. 

t  See  a  paper  by  the  author  in  Memoirs  of  Chem.  See.  of  London,  i.  251, 
1  eq  crystallized  ferrocyanide  of  potassium  and  6  eq.  oil  of  vitriol  yield  6  eq. 
carbonic  oxide,  2  eq.  sulphate  of  potassa,  3  eq.  sulphate  of  ammonia,  and  1  eq. 
protosulphate  of  iron. 
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Pure  sulphur  is  a  pale-yellow  brittle  solid,  of  well-known  appear- 
ance. It  melts  when  heated,  aud  distils  over  unaltered,  if  air  be 
excluded.  The  crystals  of  sulphur  exhibit  two  distinct  and  incom- 
patible forms,  namely,  an  octahedron  with  rhombic  base,  which  is  the 
figure  of  native  sulphur,  and  that  assumed  when  sulphur  separates 
fi-om  solution  at  common  temperatures,  as  when  a  solution  of  sulphur 
in  bisulphide  of  carbon  is  exposed  to  slow  evaporation  in  the  air :  and 
a  lengthened  prism,  having  no  relation  to  the  preceding:  this  happens 
when  a  mass  of  sulphur  is  melted,  and,  after  partial  cooling,  the  crust 
at  the  surface  broken,  and  the  fluid  portion  poured  out.  Fig.  96  shows 
the  result  of  such  an  experiment. 


The  specific  gravity  of  sulphur  varies  according  to  the  form  in 
which  it  is  crystallized.  The  octahedral  variety  has  a  specific  gi-a-ni^ 
2"045  ;  the  prismatic  variety  a  specific  gi'avity  1-982.  / 

Sulphur  melts  at  232°  (111°-1C)  :  at  this  temperature  it  is  of  the 
colour  of  amber,  and  thin  and  fluid  as  water ;  when  farther  heated, 
it  begins  to  thicken,  and  to  acquire  a  deeper  colom- ;  and  between 
430°  (221«C)  and  480°  (249°C)  it  is  so  tenacious  that  the  vessel  in 
which  it  is  contained  may  be  inverted  for  a  moment  without  the  loss 
of  its  contents.  If  in  this  state  it  be  poured  into  water,  it  retains 
for  many  hours  its  remarkable  soft  and  flexible  condition,  which 
should  be  looked  upon  as  the  amorphous  state  of  sulphm-.  After  a 
while  it  again  becomes  brittle  and  crystalline.  From  the  temperature 
last  mentioned  to  the  boiling-point  about  792°  (400°C)  sulphur 
again  becomes  thin  and  liquid.  In  the  preparation  of  commercial 
flowers  of  sulphur  the  vapour  is  conducted  into  a  large  cold  chamber 
where  it  condenses  in  minute  crystals.  The  specific  gravity  of  subhur ' 
vapour  IS  6*654.  ^       j         f  ^ 

Sulphur  is  insoluble  in  water  and  alcohol  ;  oil  of  turpentine  and  the 
fat  oils  dissolve  it,  but  the  best  substance  for  the  pm-pose  is  bisulphide 
of  carbon.  In  its  chemical  relations  sulphur  bears  great  resemblance 
to  oxygen  :  o  veij  many  oxides  there  .ire  corresponding  sulphides,  and 
these  sulphides  often  unite  among  themselves,  forming  crystalli^able 
compounds  analogous  to  salts.  "  ■'"""'"""■"'e 
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Compounds  of  Sulphur  and  Oxygen. 

Composition  by  weiglat. 
r-  '  ^ 


Sulphurous  acid  .... 

Sulphur. 
.  16 

Oxygen 
16 

Sulphuric  acid* 

16 

24 

Hyposulphurous  acid  . 

.  32 

16 

HyjDosulphuric  acid   .        .  , 

32 

40 

Sulphuretted  hyposulphuric  acid 

.  48 

40 

Bisulphuretted  hyposulphuric  acid 

64 

40 

Trisulphuretted  hyposulphuric  acidf. 

.  80 

40 

H^ulphurous  Acid.—This  is  the  only  product  of  the  combustion  of 
sulphur  in  dry  air  or  oxygen  gas.  It  is  most  conveniently  prepared 
by  heating  oil  of  vitriol  with  metaUic  mercury  or  copper  clippings  ;  a 
portion  of  the  acid  is  decomposed,  one-third  of  its  oxygen  being  trans- 
ferred to  the  metal,  while  the  sulphm-ic  acid  becomes  sulphurous. 
Sulphurous  acid  thus  obtained  is  a  colourless  gas,  having  the  peculiar 
sufibcating  odour  of  burning  brimstone ;  it  instantly  extinguishes 
flame,  and  is  quite  irrespirable.  Its  density  is  2  •  21 ;  100  cubic  inches 
weighing  68-69  grains.  At  0°  (—17° -80),  under  the  pressure  of 
the  atmosphere,  this  gas  condenses  to  a  colourless,  limpid  liquid,  very 
expansible  by  heat.  Cold  water  dissolves  more  than  thirty  times  its 
volume  of  sulphurous  acid.  The  solution  may  be  kept  unchanged  so 
long  as  air  is  excluded,  but  access  of  oxygen  gradually  converts  the 
sulphm-ous  into  sulphuric  acid,  in  the  presence  of  water,  although  the 
dry  gases  may  remain  in  contact  for  any  length  of  time  without 
change.  When  sulphurous  acid  and  aqueous  vapour  are  passed  into 
a  vessel  cooled  to  below  17°  or  21°  ( — 6°  or — 8°C),  a  crystallme 
body  forms,  wliich  contains  about  24*2  acid  to  75*8  water. 

One  volume  of  sulphurous  acid  gas  contains  one  volume  of  oxygen 
and  ^  of  a  volume  of  sulphur-vapour-,  condensed  into  one  volume. 
Gases  which,  like  the  present,  are  freely  soluble  in  water,  must  be 

*  The  terminations  ous  and  ic,  applied  to  acids,  signify  degrees  of  oxidation, 
the  latter  being  the  highest ;  acids  ending  in  ous  form  salts  the  names  of  which 
are  made  to  end  in  ite,  and  those  in  ic  terminate  in  ale — as  sulphnrous  acid, 
sulphite  of  soda ;  sulphuric  acid,  sulphate  of  soda. 

■f  The  more  advanced  student  will  be  glad  to  see  these  stated  in  equivalents 
by  the  use  of  symbols,  their  relations  becoming  thereby  much  more  e^idenL 
The  numbers  given  are  really  the  equivalent  numbers,  but  are  intended  only 
to  show  the  proportions  of  sulphur  and  oxygen,without  any  reference  to  other 
bodies.  The  following  are  the  quantities  required  to  saturate  one  equivalent 
of  a  base : 

Sulphurous  acid      .     i  SO^ 

Sulphm'ic  acid  SO^ 

Hyiiosulphurous  acid  SaO:! 

Hyposulphuric  acid,  Dithionic  acid  i^sOa 

Svdphuretted  hyposulphuric  acid,  Trithionic  acid  .  .  .  SsOj 
Bisulphuretted  hyposulphuric  acid,  Tetrathionic  acid  ,  .S4O5 
Bisulphuretted  hyposulphuric  acid,  Pentathimiic  acid  .     .  S^Oj 
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collected  by  displacement,  or  by  the  use  of  the  mercurial  pneumatic 
trough.  The  manipulation  with  the  latter  is  exactly  the  same  in  prin- 
ciple^as  with  the  ordinary  water-trongh,  but  i-ather  more  troublesome, 
from  the  great  density  of  the  mercury,  and  its  opacity.  The  whole 
apparatus  is  ou  a  much  smaller  scale.  The  trough  is  best  constructed 
of  hard,  sound  wood,  and  so  contrived  as  to  economise  as  much  as 
possible  the  expensive  fluid  it  is  to  contain. 

Sulphurous  acid  has  bleaching  properties  ;  it  is  used  in  the  arts  foi- 
bleaching  woollen  goods  and  straw-plait.  A  piece  of  blue  litmus- 
paper  plunged  into  the  moist  gas  is  first  reddened  and  then  slowly 
bleached. 

The  salts  of  sulphurous  acid  are  not  of  much  importance  ;  those  of 
the  alkalies  are  soluble  and  crystallizable  ;  they  are  easily  formedjjpy 
direct  combination.  Sulphites  of  baryta,  strontia,  and  lime  are  inso- 
luble in  water,  but  soluble  iu  hydrochloric  acid.  The  strong  acids 
decompose  them  ;  nitric  acid  converts  them  into  sulphates. 

Suiphwic  Acid. — Hydrated  sulphuric  acid  has  been  loiown  since 
the  fifteenth  century.  There  are  two  distinct  processes  by  which  it 
is  at  the  present  time  prepared,  namely,  by  the  distillation  of  green 
sulphate  of  iron,  and  by  the  oxidation  of  sulphurous  acid  by  nitrous 
and  hyponitric  acids. 

The  first  process  is  still  caiTied  on  in  some  parts  of  Germany,  espe- 
cially in  the  neighbourhood  of  Nordhausen  in  Prussia.  The  sulphate 
of  iron,  derived  from  the  oxidation  of  iron  pyrites,  is  deprived  by  heat 
of  the  greater  part  of  its  water  of  crystallization,  and  subjected  to  a 
high  red  heat  in  earthen  retorts,  to  which  receivers  are  fitted  as  soon 
as  the  acid  begins  to  distil  over.  A  part  gets  decomposed  by  the  very 
high  temperature ;  the  remainder  is  driven  otf  in  vapour,  which  is 
condensed  by  the  cold  vessel.  The  product  is  a  brown  oily  liquid, 
of  about  1*9  specific  gravity,  fuming  in  the  air,  and  very  corrosive. 
It  is  chiefly  made  for  the  purpose  of  dissolving  indigo. 

The  second  method,  which  is,  perhaps,  with  the  single  exception 
mentioned,  always  followed  as  the  more  economical,  depends  upon  the 
fact  that,  when  sulphurous  acid,  hyponitric  acid,  and  water  are  pre- 
sent in  certain  proportions,  the  sulphurous  acid  becomes  oxidized  at 
the  expense  of  the  hyponitric  acid,  which  by  the  loss  of  one-half  of 
its  oxygen  sinks  to  the  condition  of  binoxide  of  nitrogen.  The 
operation  is  thus  conducted :— A  large  and  veiy  long  chamber  is  built 
of  sheet-lead  supported  by  timber  framing ;  on  the  outside,  at  one  ex- 
tremity, a  small  furnace  or  oven  is  constructed,  having  a  wide  tube 
leading  into  the  chamber.  In  this,  sulphur  is  kept  burning,  the  flame 
of  which  heats  a  crucible  containing  a  mixture  of  nitre  and  oil  of 
vitriol.  A  shallow  stratum  of  water  occupies  the  floor  ot  the  chamber, 
and  sometimes  a  jet  of  steam  is  also  introduced.  Lastly,  an  exit  is 
provided  at  the  remote  end  of  the  chamber  for  the  spent  and  useless 
gases.  The  eflect  of  these  arrangements  is  to  cause  a  constant  supply 
of  sulphui'ous  acid,  atmospheric  aii-,  nitric  acid  vapour,  and  water  in 
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the  state  of  steam,  to  be  thrown  into  the  chamber,  there  to  mix  and 
react  upon  each  other.  The  nitric  acid  immediately  gives  up  a  part 
of  its  oxygen  to  the  sulphurous  acid,  becoming  hyponitric  ;  it  does 
not  remain  in  this  state,  however,  but  suffers  farther  deoxidation  until 
it  becomes  reduced  to  binoxide  of  nitrogen.  That  substance  in  con- 
tact with  free  oxygen  absorbs  a  portion  of  the  latter,  and  once  more 
becomes  hyponitric  acid,  which  is  again  destined  to  undergo  deoxida- 
tion by  a  fresh  quantity  of  sulphurous  acid.  A  very  small  portion  of 
hyponitric  acid,  mixed  with  atmospheric  air  and  sulphurous  acid,  may 
thus  in  time  convert  an  indefinite  amount  of  the  latter  into  sulphuric 
acid,  by  acting  as  a  kind  of  carrier  between  the  oxygen  of  the  air  and 
the  sulphurous  acid.  The  presence  of  water  is  essential  to  this 
re^tion. 

We  may  thus  represent  the  change  : — * 

Hyponitric  acid    (^'it™gei  }j   -  Binoxide  of  nitrogen 

46  jOxygen    16-  -"^  30. 

(Oxygen    16  ^ 
Sulphurous  acid  | Sulphur  32 

64  \Oxygen    32  1!!^^;;^,^    Hydrated  sulphuric 

Water    .        .        .         18  acid  98. 

Such  is  the  simplest  view  that  can  be  taken  of  the  production  of 
sulphuric  acid  in  the  leaden  chamber ;  but  it  is  too  much  to  affinn  that 
it  is  strictly  true ;  it  may  be  more  complex.  When  a  little  water  is 
put  at  the  bottom  of  a  large  glass  globe,  so  as  to  maintain  a  certain 
degree  of  humidity  in  the  air  within,  and  sulphurous  and  hyponitric 
acids  ai'e  introduced  by  separate  tubes,  symptoms  of  chemical  action 
become  immediately  evident,  and  after  a  little  time  a  white  crystalline 
matter  is  observed  to  condense  on  the  sides  of  the  vessel.  This  sub- 
stance appears  to  be  u  compound  of  sulphuric  acid,  nitrous  acid,  and 
a  little  water. •)•    When  thrown  into  water,  it  is  resolved  into  sol- 

NO4     +      2SO2     +   2H0  =  NO2  +2(HO,S08) 

Hyponitric    Sulphurous     Water.     Binoxide  Hydrated 
Acid.  Acid.  of  Sulphuric 

Nitrogen.  Acid. 

t  M.  Gaultier  de  Claubry  assigned  to  this  curious  substance  the  composi- 
tion expressed  by  the  formula  4H0,2N03+5S03,  and  this  view  has  generally 
been  received  by  recent  chemical  writers.  M.  de  la  Provostaye  has  since  shown 
that  a  compound,  possessing  all  the  essential  properties  of  the  body  in  question, 
may  be  formed  by  bringing  together,  in  a  sealed  glass  tube,  liquid  sulphurous 
acid  and  liquid  hyponitric  acid,  both  free  from  water.  The  white  crystalline 
solid  soon  begins  to  form,  and  at  the  expiration  of  twenty-six  hours  the 
reaction  appears  complete.  The  new  product  is  accompanied  by  an  exceed- 
ingly volatile  greenish  liquid  having  the  characters  of  nitrous  acid.  The  white 
substance,  on  analysis,  was  found  to  contain  the  elements  of  two  equivalents 
of  sulphuric  acid  and  one  of  nitrous  acid,  or  NO3  +  2SO3.  M.  de  la  Provos- 
taye very  ingeniously  explains  the  anomalies  in  the  different  analyses  of  tho 
leaden-chamber  product,  by  showing  that  the  pure  substance  fonus  crystal- 
lizable  combinations  with  different  proportions  of  liquid  sulphuric  acid.  (Ann. 
Chim.  et  Phys.  Ixxiii.  362.) 
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phuric  acid,  binoxide  of  nitrogen,  and  nitric  acid.  This  curious  body 
is  certainly  veiy  often  produced  in  large  quantity  in  the  leaden  cham- 
bers ;  but  that  its  production  is  indispensable  to  the  success  of  the 
process,  and  constant  when  the  operation  goes  on  well,  and  the  hypo- 
nitric  acid  is  not  in  excess,  may  perhaps  admit  of  doubt. 

The  water  at  the  bottom  of  the  chamber  thus  becomes  loaded  with 
sulphuric  acid  :  when  a  certain  degree  of  strength  has  been  reached, 
it  is  drawn  off  and  concentrated  by  evaporation,  first  in  leaden  pans, 
and  afterwards  in  stills  of  platinum,  until  it  attains  a  density  (when 
cold)  of  1  •  84,  or  thereabouts ;  it  is  then  transferred  to  carboys,  or 
large  glass  bottles  fitted  in  baskets,  for  sale.  In  Great  Britain  this 
manuifacture  is  one  of  great  national  importance,  and  is  carried  on  to 
a  vast  extent.  An  inferior  kind  of  acid  is  sometimes  made  by  bur»- 
ing  iron  pyi-ites,  or  poor  copper  ore,  as  a  substitute  for  Sicilian  sulphur ; 
this  is  chiefly  ysed  by  the  makers  for  their  own  consumption ;  it  very 
frequently  contains  arsenic. 

The  most  concentrated  sulphuric  acid,  or  oil  of  vitriol,  as  it  is  often 
called,  is  a  definite  combination  of  40  parts  real  acid,  and  9  parts 
water.  It  is  a  colourless,  oily  liquid,  having  a  specific  gravity  of 
about  1*85,  of  intensely  acid  taste  and  reaction.  Organic  matter  is 
rapidly  charred  and  destroyed  by  this  substance.  At  the  tempera- 
tm-e  of  —  15°  (—  26°- IC)  it  freezes  ;  at  620°  (326° -60)  it  boils, 
and  may  be  distilled  without  decomposition.  Oil  of  vitriol  has  a  most 
energetic  attraction  for  water ;  it  withdraws  aqueous  vapours  from  the 
air,  and  when  diluted  with  water,  great  heat  is  evolved,  so  that  the 
mixtm-e  always  requires  to  be  made  with  caution.  Oil  of  vitriol  is  not 
the  only  hydi'ate  of  sulphuric  acid ;  three  others  are  known  to  exist. 
When  the  fuming  oil  of  vitriol  of  Nordhausen  is  exposed  to  a  low  tem- 
peratui-e,  a  white  crystalline  substance  separates,  which  is  a  hydrate 
containing  half  as  much  water  as  the  common  liqiiid  acid.  Then, 
again,  a  mixture  of  49  parts  of  strong  liquid  acid  and  9  parts  of  water, 
congeals  or  crystallizes  at  a  temperature  above  32°  (0°C),  and  remauis 
solid  even  at  45°  (7°  •  2C).  Lastly,  when  a  very  dilute  acid  is  coucen- 
ti-ated  by  evaporation  in  vacuo  over  a  surface  of  oil  of  vitriol,  the 
evaporation  stops  when  the  real  acid  and  water  bear  to  each  other  the 
proportion  of  40  to  27. 

When  good  Nordhausen  oil  of  vitriol  is  exposed  in  a  retort  to  a 
gentle  heat,  and  a  receiver  cooled  by  a  freezing  mixture  fitted  to  it,  a 
volatile  substance  distils  over  in  great  abundance,  which  condenses 
into  beautiful  white,  silky  ciystals,  resembling  those  of  asbestus  ;  this 
bears  the  name  of  anhydrous  sulphuric  acid.  When  put  into  water 
it  hisses  like  a  hot  iron,  from  the  violence  with  which  combination 
occurs ;  exposed  to  the  air  even  for  a  few  moments,  it  liquefies  by 
absorption  of  moisture,  foi-ming  common  liquid  sulphuric  acid.  It 
foi-ms  an  exceedingly  curious  compound  with  dry  ammoniacal  gas, 
quite  distinct  from  ordinaiy  sulphate  of  ammonia,  and  which  indeed 
possesses  none  of  the  characters  of  a  sulphate.    This  interesting  sub- 
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stance  may  also  be  obtained  by  distilling  the  most  concentrated  oil  of 
vitriol  with  a  sufficient  quantity  of  anhydrous  phosphoric  acid. 

Sulphuric  acid,  in  all  soluble  states  of  combination,  may  be  detected 
with  the  greatest  ease  by  solution  of  nitrate  of  baryta,  or  chloride  of 
barium,  A  white  precipitate  is  produced,  which  does  not  dissolve  in 
nitric  acid. 

Hyposulphurous  Acid. — By  digesting  sulphur  with  a  solution  of 
sulphite  of  potassa  or  soda,  a  portion  of  that  substance  is  dissolved, 
and  the  liquid,  by  slow  evaporation,  furnishes  crystals  of  the  new  salt.* 
The  acid  cannot  be  isolated  :  when  hydrochloric  acid  is  added  to  a  solu- 
tion of  a  hyposulphite,  the  acid  of  the  latter  is  almost  instantly  resolved 
into  sulphur,  which  precipitates,  and  into  sulphurous  acid,  easily  re- 
c%nized  by  its  odour.  The  most  remarkable  feature  of  the  alkaline 
hyposulphites  is  their  property  of  dissolving  certain  insoluble  salts  of 
silver,  as  the  chloride — a  property  which  has  lately  confei'red  upon 
them  a  considerable  share  of  importance  in  relation  to  the  art  of  pho- 
togenic drawing. 

Jlijposulphuric  Acid ;  DitMonic  Acid. — This  is  prepared  by  sus- 
pending finely  divided  binoxide  of  manganese  in  water  artificially 
cooled,  and  then  transmitting  a  stream  of  sulphurous  acid  gas  ;  the 
binoxide  becomes  protoxide,  half  its  oxygen  converting  the  sulphrn'ous 
acid  into  hyposulphuric.f  The  hyposulphate  of  manganese  thus  pre- 
pared is  decomposed  by  a  solution  of  pure  hydrate  of  baryta,  and  the 
barytic  salt,  in  turn,  by  enough  sulphuric  acid  to  precipitate  the  base. 
The  solution  of  hyposulphuric  acid  may  be  concentrated  by  evapora- 
tion in  vacuo,  until  it  acquires  a  density  of  1*347  ;  pushed  farther,  it 
decomposes  into  sulphuric  and  sulphurous  acids.  It  has  no  odoiu-,  is 
very  sour,  and  forms  soluble  salts  with  baryta,  lime,  and  protoxide  of 
lead. 

Sulphuretted  ffyposuljjhuric  Acid  ;  Trithionic  Acid.— A  substance 
accidentally  formed  by  M.  ■Langlois,^  in  the  preparation  of  hyposul- 
phite of  potassa,  by  gently  heating  with  sulphur  a  solution  of  carbo- 
nate of  potassa,  saturated  with  sulphurous  acid.  The  salts  bear  a 
gi-eat  resemblance  to  those  of  hyposulphurous  acid,  but  differ  com- 
pletely in  composition,  while  the  acid  itself  is  not  quite  so  prone  to 
change.  It  is  obtained  by  decomposing  the  potassa  salt  by  hydro- 
fluosTlicic  acid ;  it  may  be  concentrated  under  the  receiver  of  the  air- 
pump,  but  is  gradually  decomposed  into  sulphur,  sulphurous  and 
sulphuric  acids. 

*  KO,  SO2    +       S      =  KO.SgO. 

SulphitTof         Sulphur.  HjiJosulpbite 
Potassa.  of  Potassa. 

+  MiiOi      +       2S02     =  MnO.SaOj 
BiiioxidTof        Sulphm-ous      Hyposulphate  of 
manganese.  acid.  manganese. 

X  Ann.  Chim.  et  Pbys.  3rd  series,  iv.  77. 
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Bisulphuretted  Eyposulphuric  Acid ;  Tetrathionic  Acid. — This  was 
discovered  by  MM.  Fordos  and  Gelis.*  When  iodine  is  added  to  a 
solution  of  hyposulphite  of  soda,  a  large  quantity  of  that  substance  is 
dissolved,  and  a  clear  colourless  solution  obtained,  which,  besides 
iodide  of  sodium,  contains  a  salt  of  a  peculiar  acid,  richer  in  sulphur 
than  the  preceding.  By  suitable  means,  the  new  substance  can  be 
eliminated,  and  obtained  in  a  state  of  solution.  It  very  closely  re- 
sembles hyposulphuric  acid.  The  same  acid  is  produced  by  the  action 
of  sulphurous  acid  on  subchloride  of  sulphur. 

Trisulphuretted  Hyposidphuric  Acid ;  Pentathionic  Acid. — Another 
acid  of  sulphur  has  been  announced  by  M.  Wackenroder,  who  formed 
it  by  the  action  of  sulphuretted  hydrogen  on  sulphurous  acid.  It 
is  described  as  colouidess  and  inodorous,  of  acid  and  bitter  taste, 
and  capable  of  being  concentrated  to  a  considerable  extent  by  cautious 
evaporation. 

Under  the  influence  of  heat,  it  is  decomposed  into  sulphur,  sul- 
phurous and  sulphuric  acid,  and  sulphuretted  hydrogen.  The  salts  of 
pentathionic  acid  are  nearly  all  soluble.  The  baryta  salt  crystallizes 
from  alcohol  in  squai'e  prisms.  The  acid  is  also  formed  when  hypo- 
sulphate  of  lead  is  decomposed  by  sulphm-etted  hydrogen,  and  when 
protochloride  of  sulphur  is  heated  with  sulphurous  acid. 

Sulphurous  acid  unites,  under  peculiar  circumstances,  with  chlorine, 
and  also  with  iodine,  forming  compounds,  which  have  been  called 
chloro-  and  iodo-sulphuric  acids.  They  are  decomposed  by  water.  It 
also  combines  with  dry  ammoniacal  gas,  giving  rise  to  a  remarkable 
compound  ;  and  with  nitric  oxide  also,  in  presence  of  an  alkali. 


SELENIUM. 

This  is  a  vei-y  rare  substance,  much  resembling  sulphur  in  its  che- 
mical relations,  and  found  .in  association  with  that  element  in  some 
few  localities,  or  replacing  it  in  certain  metallic  combinations,  as  in 
the  selenide  of  lead  of  Clausthal,  in  the  Hartz. 

Selenium  is  a  reddish-brown  solid  body,  somewhat  translucent,  and 
having  an  imperfect  metallic  lustre.  Its  specific  gravity,  when  rapidly 
cooled  after  fusion  is  4-3.  At  212°  (100°C),  or  a  little  above  it 
melts,  and  at  650°  (343° -30)  boils.  It  is  insoluble  in  water,  and 
exhales,  when  heated  in  the  air,  a  peculiar  and  disagreeable  odour, 
which  has  been  compared  to  that  of  decaying  horseradish.  There 
are  three  oxides  of  selenium,  two  of  which  correspond  respectively  to 
sulphurous  and  sulphuric  acids,  while  the  third  has  no  known  ana- 
logue in  the  sulphur-series. 


*  Ann.  Chim.  et  Phys.  3rd  series,  vi.  454. 
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Composition  by  weight.* 

Selenium.  Oxygen. 
Oxide  of  selenium      .       .       .       .      39-5  8 
Selenous  acid       .       .       .       .          39*5  16 

Selenicacid  39 '5  24 

Oxide. — Formed  by  heating  selenimn  in  the  air.  It  is  a  colourless 
gas,  slightly  soluble  in  water,  and  has  the  remarkable  odour  above 
described.    It  has  no  acid  properties. 

Selenous  Acid. — This  is  obtained  by.  dissolving  selenium  in  nitric 
acid,  and  evaporating  to  dryness.  It  is  a  white,  soluble,  deliquescent 
substance,  of  distinctly  acid  properties,  and  may  be  sublimed  without 
decomposition.  Sulphurous  acid  decomposes  it,  precipitating  the 
selenium. 

Selenic  Acid. — Prepared  by  fusing  nitrate  of  potassa  or  soda  with 
selenium,  precipitating  the  selenate  so  produced  by  a  salt  of  lead,  and 
then  decomposing  the  compound  by  sulphuretted  hydrogen.  The 
hydrated  acid  strongly  resembles  oil  of  vitriol ;  but,  when  very  much 
concentrated,  decomposes,  by  the  application  of  heat,  into  selenous 
acid  and  oxygen.  The  selenates  bear  the  closest  analogy  to  the 
sulphates  in  every  particular. 


PHOSPHORUS. 

Phosphorus  in  the  state  of  phosphoric  acid  is  contained  in  the  ancient 
unstratified  rocks,  and  in  the  lavas  of  modern  origin.  As  these  dis- 
integrate and  crumble  down  into  fertile  soil,  the  phosphates  pass  into 
the  organism  of  plants,  and  ultimately  into  the  bodies  of  the  animals 
to  which  these  latter  serve  for  food.  The  earthy  phosphates  play  a 
very  important  part  in  the  structure  of  the  animal  frame,  by  commu- 
nicating stiffness  and  inflexibility  to  the  bony  skeleton. 

This  element  was  discovered  in  1669  by  Brandt,  of  Hamburg,  who 
prepared  it  from  ui'ine.  The  following  is  an  outline  of  the  process 
now  adopted.  Thoroughly-calcined  bones  are  reduced  to  powder,  and 
mixed  with  two-thirds  of  their  weight  of  sulphuric  acid,  diluted  with 
a  considerable  quantity  of  water :  this  mixture,  after  standing  some 
hours,  is  filtered,  and  the  nearly-insoluble  sulphate  of  lime  washed. 
The  liquid  is  then  evaporated  to  a  syrupy  consistence,  mixed  with 
charcoal  powder,  and  the  desiccation  completed  in  an  iron  vessel  ex- 
posed to  a  high  temperature.    When  quite  diy  it  is  transferred  to  a 

*  In  symbols — 

Oxide  of  Selenium  ....  SeO 

Selenous  Acid    ....  Se02 

Selenic  Acid         ....  SeO* 
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stoneware  retort,  to  which  a  wide  bent  tube  is  luted,  dipping  a  little 
way  into  tlie  water  contained  in  the  receiver.    A  naiTow  tube  serves 
to  "o-ive  issue  to  the  gases,  which  are  conveyed  to  a  chimney.  This 
manufacture  is  now  conducted  on  a 
very  great  scale,  the  consumption  of  ^ff- 
phosphorus,  for  the  apparently-trifling 
article  of  instantaneous-light  matches, 
being  something  prodigious. 

Phosphorus,  when  pure,  very  much 
resembles  in  appearance  imperfectly- 
bleached  was,  and  is  soft  and  flexible 
at  common  temperatures.  Its  density 
is  1  •  77,  and  that  of  its  vapour  4  35, 
air  being  unity.  At  108°  (42° -20) 
it  melts,  and  at  550°  (287° -70)  boils. 
It  is  insoluble  in  water,  and  is  usually 
kept  immersed  in  that  liquid,  but  dis- 
solves in  oils,  in  native  naphtha,  and 
especially  in  bisulphide  of  carbon. 
When  set  on  fire  in  the  air,  it  burns 
with  a  bright  flame,  generating  phos- 
phoric acid.  Phosphorus  is  exceedingly  inflammable ;  it  sometimes 
takes  fire  by  the  heat  of  the  hand,  and  demands  great  care  in  its 
management ;  a  blow  or  hard  rub  will  very  often  kindle  it.  A  stick 
of  phosphorus  held  in  the  air  always  appears  to  emit  a  whitish 
smoke,  which  in  the  dark  is  luminous.  This  effect  is  chiefly  due  to 
a  slow  combustion  which  the  phosphorus  undergoes  by  the  oxygen  ot' 
the  air,  and  upon  it  depends  one  of  the  methods  employed  for  the 
analysis  of  the  atmosphere,  as  already  described.  It  is  singular  that 
the  slow  oxidation  of  phosphorus  may  be  entirely  prevented  by  the 
presence  of  a  small  quantity  of  defiant  gas,  or  the  vapoui-  of  ether,  or 
some  essential  oil ;  it  may  even  be  distilled  in  an  atmosphere  con- 
taining vapour  of  oil  of  turpentine  in  considerable  quantity.  Neithei' 
does  the  action  go  on  in  pure  oxygen,  at  least  at  the  temperature  of 
60°  (15°  •  5C ),  which  is  very  remarkable  ;  but  if  the  gas  be  rarefied,  or 
diluted  with  nitrogen,  hydrogen,  or  carbonic  acid,  oxidation  is  set  up. 

A  very  remarkable  modification  of  this  element  is  known  by  the 
name  of  amorphous  phosphorus.  It  was  discovered  by  Schrotter 
and  may  be  made  by  exposing  for  fifty  hours  common  phosphorus  to 
a  temperature  of  about  550°  (240°  to  250°C)  in  an  atmosphere  which 
is  unable  to  act  chemically  upon  it.  At  this  temperature  it  becomes 
red  and  opaque,  and  insoluble  in  bisulphide  of  carbon,  whereby  it 
may  be  separated  from  ordinary  phosphorus.  It  may  be  obtained  in 
compact  masses  when  common  phosphorus  is  kept  for  eight  days  at 
a  constant  high  temperature.  It  is  a  coherent  reddish-brown,  in- 
fusible substance,  of  specific  gravity  betweeen  2-089  and  2 '106.'  It 
does  not  become  luminous  in  the  dark  until  its  temperature  is  raised 
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to  about  393°  (200°C),  nor  has  it  any  tendency  to  combine  with  the 
oxygen  of  the  air.  When  heated  to  500°  (260«'C),  it  is  reconverted 
into  ordinary  phosphorus. 

Compounds  of  Phosphorus  and  Oxygen. — These  are  three  in  num- 
ber, and  have  the  composition  indicated  below  : — 

Composition  by  weight. 

Phosphorus.  Oxygen. 

Hypophosphorous  acid    ....      31  8 

Phosphorous  acid       ....          31  24 

Phosphoric  acid*  .....     31  40 


Oxide  of  Phosphorus.— When  phosphorus  is  melted  benesith  the 
surface  of  hot  water,  and  a  sti-eam  of  oxygen  gas  forced  upon  it  from 
a  bladder,  combustion  ensues,  and  the  phosphorus  is  converted  in 
great  part  into  a  brick-red  powder,  which  was  formerly  believed  to  be 
a  peculiar  oxide  of  phosphorus.  Schrcitter  has  lately  shown  that  it  is 
a  mixture,  consisting  chiefly  of  amorphous  phosphorus. 

Hypophosphorous  Acid. — When  phosphorus  is  boiled  with  a  solu- 
tion of  potassa  or  baryta,  water  is  decomposed,  giving  rise  to  phos- 
phoretted  hydrogen,  phosphoric  acid,  and  hypophosphoi  ous  acid,  which 
combine  with  the  baryta ;  the  first  escapes  as  gas,  and  the  two  acids 
remain  in  union  with  the  baryta. f  By  filtration  the  soluble  hypo- 
phosphite  is  separated  from  the  insoluble  phosphate.  On  adding  to  the 
liquid  the  quantity  of  sulphuric  acid  necessary  to  precipitate  the  base, 
the  hypophosphorous  acid  is  obtained  in  solution.  By  evaporation  it 
may  be  reduced  to  a  syrupy  consistence. 

The  acid  is  very  prone  to  absorb  more  oxygen,  and  is  therefore  a 
powerful  deoxidizing  agent.    All  its  salts  are  soluble  in  water. 

Phosphorous  Acid. — Phosphorous  acid  is  foiined  by  the  slow  com- 
bustion of  phosphorus  in  the  atmosphere  ;  or  by  burning  that  sub- 
stance by  means  of  a  very  limited  supply  of  air,  in  which  case  it  is 
anhydrous,  and  presents  the  aspect  of  a  white  powder.  The  hydrated 
acid  is  more  conveniently  prepared  by  adding  water  to  the  terchloride 
of  phosphorus,  when  mutual  decomposition  takes  place,  the  oxygen  of 
the  water  being  transferred  to  the  phosphorus,  generating  phosphorous 
acid,  and  its  hydrogen  to  the  chlorine,  giving  rise  to  hydrochloric 


•  lu  symbols — Hypophospliorous  acid     ...  P  0 

Pbosphorous  acid  P  03 

Phosphoric  acid       ....  P  05 
Equivalent  of  phosphorus,  31. 

^     i?         +     3BaO       +       HO    =    SBnO.PO  +  PHs 

Phutpborus.       Baryta.          Water.   Hypophosphite  Phosphoretted 

of  baryta.  hydrogen. 
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acid.*  By  evaporating  the  solution  to  the  consistence  of  sp-up,  the 
hydrochloric  acid  is  expelled,  and  the  residue  on  cooling  crystallizes. 

Hydrated  phosphorous  acid  is  very  deliquescent  and  very  prone  to 
attract  oxygen  and  pass  into  phosphoric  acid.  When  heated  in  a 
close  vessel,  it  is  resolved  into  hydrated  phosphoric  acid  and  pure 
phosphoretted  hydrogen  gas.  It  is  composed  of  56  parts  of  real  acid 
and  27  parts  of  water.f 

The  phosphites  are  of  little  importance. 

Phosphoric  Acid. — When  phosphorus  is  burned  under  a  bell-jar  by 
tlie  aid  of  a  copious  supply  of  dry  air,  snow-like  anhydrous  phosphoric 
acid  is  produced  in  great  quantity.  This  substance  exhibits  as  much 
attraction  for  water  as  anhydrous  sulphuric  acid  ;  exposed  to  the  air 
for  a  few  moments  it  deliquesces  to  a  liquid,  and  when  thrown  into 
water,  combines  with  the  latter  with  explosive  violence.  Once  in  the 
state  of  hydrate  the  water  cannot  again  be  separated. 

When  nitric  acid  of  moderate  strength  is  heated  in  a  retort  to 
which  a  receiver  is  connected,  and  fragments  of  phosphorus  added 
singly,  taking  care  to  suffer  the  violence  of  the  action  to  subside 
between  each  addition,  the  phosphorus  is  oxidized  to  its  maximum,  and 
converted  into  phosphoric  acid.  By  distilling  off  the  greater  part  of 
tlie  acid,  transferring  the  residue  in  the  retort  to  a  platinum  vessel, 
and  then  cautiously  raising  the  heat  to  redness,  the  hydrated  acid 
may  be  obtained  pure.  This  is  the  glacial  phosphoric  acid  of  the 
Pharmacopoeia. 

A  third  method  consists  in  taking  the  acid  phosphate  of  lime  pro- 
duced by  the  action  of  sulphuric  acid  on  bone-earth,  precipitating  it 
with  a  slight  excess  of  carbonate  of  ammonia,  separating  by  a  filter 
the  insoluble  lime-salt,  and  then  evaporating  and  igniting  in  a  plati- 
num vessel  the  mixed  phosphate  and  sulphate  of  ammonia.  Hydrated 
phosphoric  acid  alone  remains  behind.  The  acid  thus  obtained  is 
not  remarkable  for  its  purity.  One  of  the  most  advantageous  methods 
of  preparing  phosphoric  acid  on  the  large  scale  in  a  state  of  purity  is 
to  burn  phosphorus  in  a  stream  of  dry  atmospheric  air,  by  the  aid  of 
a  proper  apparatus,  not  difficult  to  contrive,  in  which  the  process 
may  be  caj-ried  on  continuously.  The  anhydrous  acid  obtained  may 
be  preserved  in  that  state,  or  converted  into  hydrate  or  glacial  acid 
by  the  addition  of  water  and  subsequent  fusion  in  a  platinum 
vessel.  The  hydrate  of  phosphoric  acid  is  exceedingly  deliquescent, 
and  requires  to  be  kept  in  a  closely-stopped  bottle.  It  contains  71 
parts  of  real  acid,  and  9  parts  of  water.  J 

Phosphoric  acid  is  a  powerful  acid;  its  solution  has  an  intensely 
sour  taste,  and  reddens  litmus  paper  ;  it  is  not  poisonous. 

There  are  few  bodies  that  present  a  greater  degree  of  interest  to  the 
*  PCl3     +     6M0    =    3nO,P03    -f  3HC1 

Tcrchloride        Water.         Hydrated  Tlydro^ 
of  phosphorus.  phosphorous  chloric 

acid.  acid, 
t  Or.  3H0.  P03.  J  HO.POi. 


150 


CHLORINE. 


chemist  than  this  substance  :  the  extraordinary  changes  its  compounds 
undergo  by  the  action  of  heat,  chiefly  made  known  to  us  by  the  ad- 
mirable researches  of  Prof.  Graham,  will  be  found  described  in  con- 
nexion with  the  general  history  of  saline  compounds. 

CHLORINE. 

This  substance  is  a  member  of  a  small  natural  group  containing  be- 
sides iodine,  bromine,  and  fluorine.  So  great  a  degree  of  resemblance 
exists  between  these  bodies  in  all  their  chemical  relations,  that  the 
history  of  one  will  almost  serve,  with  a  few  little  alterations,  for 
that  of  the  rest. 

Chlorine*  is  a  veiy  abundant  substance  ;  in  common  salt  it  exists 
in  combination  with  sodium.  It  is  most  easily  prepared  by  pouring 
strong  liquid  hydrochloric  acid  upon  iinely-powdered  black  oxide 
of  manganese,  contained  in  a  retort  or  flask,  and  applying  a  gentle 
heat;  a  heavy  yellow  gas  is  disengaged,  which  is  the  substance  in 
question. 

It  may  be  collected  over  wai-m  water,  or  by  displacement;  the 
mercurial  trough  cannot  be  employed,  as  the  chl9rine  rapidly  acts 
upon  the  metal,  and  becomes  absorbed. 

The  reaction  is  very  easily  explained.  Hy- 
drochloric acid  is  a  compound  of  chlorine  and 
hydrogen :  when  this  is  mixed  with  a  metallic 
protoxide,  double  interchange  of  elements  takes 
place,  water  and  chloride  of  the  metal  being 
produced.  But  when  some  of  the  hinoxides 
are  substituted,  an  additional  effect  ensues, 
namely,  the  decomposition  of  a  second  portion 
of  hydrochloric  acid  by  the  oxygen  in  excess, 
the  hydrogen  of  which  is  withdrawn  and  the 
chlorine  set  free. 

Chlorine  was  discovered  by  Scheele  in 
1774,  but  its  nature  was  long  misunderstood. 
It  is  a  yellow  gaseous  body,  of  intolerably 
suffocating  properties,  producing  very  violent 
cough  and  irritation  when  inhaled  even  in  ex- 
ceedingly small  quantity.  It  is  soluble  to  a 
considerable  extent  in  water,  that  liquid  ab- 
sorbing at  60°  (IS^-SC)  about  twice  its  volume, 
and  acquiring  the  colour  and  odour  of  the  gas. 
When  this  solution  is  exposed  to  light,  it  is 
slowly  changed  by  decomposition  of  water  into 
hydrochloric  acid,  the  oxygen  being  at  the  same 
time  liberated.  When  moist  chlorine  gas  is 
exposed  to  a  cold  of  32°  (0°C),  yellow  crystals 
ai-e  formed,  which  consist  of  a  definite  compound  of  chlorine  and  water, 
containing  35-5  parts  of  the  former  to  90  of  the  latter. 

*  From  x^"*pos,  yellowish-green,  the  name  given  to  it  by  Sir  H.  Davy 
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Hydi-ochloric    ( Chlorine  Chlorine. 

acid         \ 'RjAxogun  ---^^^^^^^^^^^j^^^:^^^  Water. 

Binoxide  of  j  J^a^ese   Chloride  of  manga- 

manganese   (oxy|en  nese. 

Hydi-ochloric    J  Chlorine  ' 

acid         I  Hydrogen  —  Water.* 

Chlorine  has  a  specific  gravity  of  2-47,  100  cubic  inches  weighing 
76'6  grains.  Exposed  to  a  pressure  of  about  four  atmospheres,  it 
condenses  to  a  yellow  limpid  liquid. 

This  substance  has  but  little  attraction  for  oxygen,  its  chemical 
energies  being  principally  exerted  towards  hydrogen  and  the  metals. 
When  a  lighted  taper  is  plunged  into  the  gas,  it  continues  to  burn 
with  a  dull  red  light,  and  emits  a  large  quantity  of  smoke,  the  hydro- 
gen of  the  wax  being  alone  consumed,  and  the  carbon  separated.  If 
a  piece  of  paper  be  wetted  with  oil  of  turpentine,  and  thrust  into  a 
bottle  filled  with  chlorine,  the  chemical  action  of  the  latter  upon  the 
hydrogen  is  so  violent  as  to  cause  inflammation,  accompanied  by  a 
copious  deposit  of  soot.  Although  chlorine  can,  by  indirect  means, 
be  made  to  combine  with  carbon,  yet  this  never  occurs  under  the 
circumstances  described. 

Phosphorus  takes  fire  spontaneously  in  chlorine ;  it  burns  with  a 
pale  and  feebly-luminous  flame.  Several  of  the  metals,  as  copper 
leaf,  powdered  antimony,  and  arsenic,  undergo  combustion  in  the 
same  manner,  A  mixture  of  equal  measures  of  chlorine  and  hydi-ogen 
explodes  with  violence  on  the  passage  of  an  electric  spark,  or  on  the 
application  of  a  lighted  taper,  hydrochloric  acid  gas  being  fonned. 
Such  a  mixture  may  be  retained  in  the  dai'k  for  any  length  of  time 
without  change :  exposed  to  dilfuse  daylight,  the  two  gases  slowly 
unite,  while  the  direct  rays  of  the  sun  induce  instantaneous  explosion. 

The  most  chai-acteristic  property  of  chlorine  is  its  bleaching  power  ; 
the  most  stable  organic  colouring  principles  are  instantly  decomposed 
and  destroyed  by  this  remarkable  agent ;  indigo,  for  example,  which 
resists  the  action  of  strong  oil  of  vitriol,  is  converted  by  chlorine  into 
a  brownish  substance,  to  which  the  blue  colour  cannot  be  restored. 
The  presence  of  water  is  essential  to  these  changes,  for  the  gas  in  a 
state  of  perfect  dryness  is  incapable  even  of  afi'ecting  litmus. 

Chlorine  is  largely  used  in  the  arts  for  bleaching  linen  and  cotton 
goods,  rags  for  the  manufacture  of  paper,  &c.  For  these  purposes  it 
is  sometimes  employed  in  the  state  of  gas,  sometimes  in  that  of  solu- 
tion m  water,  but  more  frequently  in  combination  with  lime,  forming 
the  substance  called  bleaching-powder.  When  required  in  large  quan- 
tities it  is  often  made  by  pouring  slightly  diluted  oil  of  vitriol  upon 

*    MnOz^  +       2HC1      =     ci     +      MnCl    +  2H0 

Binoxide  of     Hydrochloric    Chlorine.   Protochloride  Waiter, 
manganese,         acid.  of  manganese. 
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a  mixture  of  common  salt  and  oxide  of  manganese  contained  in  a 
large  leaden  vessel.  The  decomposition  which  ensues  may  be  thus 
represented : — 


Chloride  of  /Chlorine- 
sodium  (Sodium 
Sulphuric  acid- 

Binoxideof      1^^^^°'?^  . 

{Protoxide  ot 


-Chlorine. 
Sulph.  of  soda. 


manganese 


manganese 


Sulphuric  acid'  ■■  — (Sulphate  of 

I  manganese.* 

Chlorine  is  one  of  the  best  and  most  potent  substances  that  can  be 
used  for  the  purpose  of  disinfection,  but  its  employment  requires  care. 
Bleaching-povvder  mixed  with  water;  and  exposed  to  the  air  in  shallow 
vessels,  becomes  slowly  decomposed  by  the  carbonic  acid  of  the  atmo- 
sphere, and  the  chlorine  evolved ;  if  a  more  rapid  disengagement  be 
wished,  a  little  acid  of  any  kind  may  be  added.  In  the  absence 
of  bleaching-powder,  either  of  the  methods  for  the  production  of  the 
gas  described  may  be  had  recourse  to,  always  taking  care  to  avoid  an 
excess  of  acid. 

Chloride  of  Eydrogen ;  Hydrochloric,  Chlorhydric  or  Muriatic 
Acid. — This  substance,  in  a  state  of  solution  in  water,  has  been  long 
known.  The  gas  is  prepared  with  the  utmost  ease  by  heating  in  a 
flask,  fitted  with  a  cork  and  bent  tube,  a  mixture  of  common  salt  and 
oil  of  vitriol,  diluted  with  a  small  quantity  of  water  ;  it  must  be  col- 
lected by  displacement,  or  over  mei'cury.  It  is  a  colourless  gas,  which 
fumes  strongly  in  the  air  from  condensing  the  atmospheric  moisture  ; 
it  has  an  acid,  suflfocating  odour,  but  is  infinitely  less  offensive  than 
chlorine.    Exposed  to  a  pressure  of  40  atmospheres  it  liquefies. 

Hydrochloric  acid  gas  has  a  density  of  1"269.  It  is  exceedingl}- 
soluble  in  water,  tliat  liquid  taking  up  at  the  temperature  of  the 
air  about  418  times  its  bulk.    The  gas  and  solution  are  powerfully  acid. 

The  action  of  oil  of  vitriol  on  common  salt,  or  any  analogous  sub- 
stance is  thus  easily  explained  : — f 

m.^    -J     c    J-       f Chlorine   —5^  Hydrochloric 

Chloride  of  sodium  •(  r.  j-    -j 

\ Sodium    —  acid. 

Water    .  .  /Hyd^-ogen 

I  ^-'^ygfin  - 

Sulphuric  acid  ' —■^  Sulphate  of  soda. 

*  NaCl  +  Mn02  +  2(HO,S03)  =  CI  +  NaO.SOs  +  MnO.SQS  +  2H0 

Chloride   Binoxide   Sulpbmic  Cliloiine.   Sulphate  Sulphate  of  Water, 

of  sodium,  of  manga-     acid.  of  soda,  manganese, 

nese. 

t    NaCl        +    HO.SOs  =         HCI  +  NaO,S03 


Chloride  of 
sodium. 


Sulphuric 
acid. 


Hydrochloric 
acid. 


Sulphate 
of  soda. 
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The  comiMsition  of  this  substance  may  be  determined  by  syntliesis : 
when  a  measure  of  chlorine  and  a  measure  of  hydrogen  are  fired  by 
the  electric  spark,  two  measures  of  hydi'ochloric  acid  gas  result,  the 
combination  being  miattended  by  change  of  volume.  By  weight  it 
contains  35'5  parts  of  chlorine  and  1  part  of  hydrogen. 

Solution  of  hydrochloric  acid,  the  liquid  acid  of  commerce,  is  a 
very  important  preparation,  and  of  extensive  use  in  chemical  pur- 
suits ;  it  is  best  prepared  by  the  following  arrangement : — 

A  large  glass  flask,  containing  a  quantity  of  common  salt,  is  fitted  with 
a  cork  and  bent  tube,  in  the  manner  represented  in  fig.  99  ;  the  latter 
passes  through  and  below  a  second  short  tube  into  a  wide-necked 
bottle,  containing  a  little  water,  into  which  the  open  tube  dips.  A 
bent  tube  is  adapted  to  another  hole  in  the  cork  of  the  wash-bottle  so 
as  to  convey  the  purified  gas  into  a  quantity  of  distilled  water,  by 
which  it  is  instantly  absorbed  :  the  joints  are  made  air-tight  by  melt- 
ing over  the  corks  a  little  yellow  wax. 
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absorbed  by  the  water  in  the  wash-bottle,  but  when  this  becomes 
saturated,  it  passes  into  the  second  vessel  and  there  dissolves.  When  all 
the  acid  has  been  added,  heat  may  be  applied  to  the  flask  by  a  charcoal 
chauffer,  until  its  contents  appear  neai-ly  dry,  and  the  evolution  of 
gas  almost  ceases,  when  the  process  may  be  stopped.  As  much  heat 
is  given  out  during  the  condensation  of  the  gas,  it  is  necessary  to 
surround  the  condensing-vessel  with  cold  water. 

The  simple  wash-bottle  figured  in  the  drawing  will  be  found  an  ex- 
ceedingly-useful contrivance  in  a  great  number  of  chemical  operations. 
It  serves  in  the  present,  and  in  many  similar  cases,  to  retain  any 
liquid  or  solid  matter  mechanically  carried  over  with  the  gas,  and  it 
may  be  always  employed  when  a  gas  of  any  kind  is  to  be  passed 
through  an  alkaline  or  other  solution.  The  open  tube  dipping  into 
the  liquid  prevents  the  possibility  of  absoi-ption,  by  which  a  partial 
vacuum  would  be  occasioned,  and  the  liquid  of  the  second  vessel  lost 
by  being  driven  into  the  first. 

The  arrangement  by  which  the  acid  is  introduced  also  deserves  a 
moment's  notice.  The  tube  is  bent  twice  upon  itself,  and 
Fig.  100.  a  bulb  blown  in  one  portion,  the  liquid  poured  into  the 
funnel  rises  upon  the  opposite  side  of  the  first  bend  until 
it  reaches  the  second ;  it  then  flows  over  and  runs  into 
11  the  flask.  Any  quantity  can  then  be  got  into  the  latter 
without  the  introduction  of  air,  and  without  the  escape  of 
gas  fi-om  the  interior.  The  funnel  acts  also  as  a  kind  of 
safety-valve,  and  in  both  directions ;  for  if  by  any  chance 
the  delivery-tube  should  be  stopped,  and  the  issue  of  gas 
prevented,  its  increased  elastic  force  soon  drives  the  little 
column  of  liquid  out  of  the  tube,  the  gas  escapes,  and  the 
vessel  is  saved.  On  the  other  hand,  any  absoi-ption 
within  is  quickly  compensated  by  the  entrance  of  air 
thi-ough  the  liquid  in  the  bulb.  The  plan  employed  on 
the  large  scale  by  the  manufacturer  is  the  same  in  prin- 
ciple as  that  described  ;  he  merely  substitutes  a  large  iron 
cyhnder  for  the  flask,  and  vessels  of  stoneware  for  those 
of  glass. 

Pure  solution  of  hydrochloric  acid  is  transparent  and 
colourless :  when  strong,  it  fumes  in  the  air  by  disengaging 
a  little  gas.  It  leaves  no  residue  on  evaporation,  and  gives 
no  precipitate  or  opacity  with  diluted  solution  of  chloride  of  barium. 
When  saturated  with  the  gas,  it  has  a  specific  gravity  of  1-21,  and 
contains  about  42  per  cent,  of  real  acid.  The  commercial  acid  has 
usually  a  yellow  colour  and  is  very  impure,  containing  salts,  sul- 
phm-ic  acid,  chloride  of  iron,  and  organic  matter.  It  may  be  ren- 
dered sufficiently  pm  e  for  most  purposes  by  diluting  it  to  the  density 
of  1-1,  which  happens  when  the  strong  acid  is  mixed  with  its  own 
bulk  or  rather  less  of  water,  and  then  distilling  it  in  a  retort  furnished 
with  a  Liebig's  condenser. 
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A  mixture  of  nitric  and  hydrochloric  acids  has  long  been  known 
under  the  name  of  aqua  regia,  fi-om  its  property  of  dissolving  gold. 
When  these  two  substances  ai-e  heated  together,  they  both  undergo 
decomposition,  hyponitric  acid  and  chlorine  being  evolved.  This  at 
least  appears  to  be  the  final  result  of  the  action  ;  at  a  certain  stage, 
however,  two  peculiar  substances,  consisting  of  nitrogen,  oxygen,  and 
chlorine  (chlorohyponitric  acid*  and  chloronitrous  acid),t  appear  to 
be  formed.    It  is  chiefly  the  chlorine  which  attacks  the  metal. 

The  presence  of  hydrochloric  acid,  or  any  other  soluble  chloride,  is 
easily  detected  by  solution  of  nitrate  of  silver.  A  white  curdy  pre- 
cipitate is  produced,  insoluble  in  nitric  acid  ;  freely  soluble  in  ammonia, 
and  subject  to  blacken  by  exposure  to  light. 

Compounds  of  Chlorine  and  Oxygen. 

Although  these  bodies  never  combine  directly,  they  may  be  made 

to  unite  by  circuitous  meims   in   five   different  proportions,  as 

below  : —  ^ 

Composition  by  weight. 

,  •  > 

Chlorine.  Oxygen. 

Hypochlorous  acid       ....  35*5  8 

Chlorous  acid          ....  35'5  24 

Hypochloric  acid         .        .        •       .  35*5  32 

Chloric  acid   35-5  40 

Perchloric  acid  I         ....  35'5  56 

Hypochlorous  and  chloric  acids  are  generated  by  the  action  of 
chlorine  on  certain  metallic  oxides ;  the  former  in  the  cold,  the  latter 
at  a  liigh  temperature.  Chlorous,  hypochloric,  and  perchloric  acids 
result  from  the  decomposition  of  chloric  acid. 

Hypochlorous  Acid. — This  is  best  prepared  by  the  action  of  chlorine 
gas  upon  red  oxide  of  mercury.  It  is  a  pale-yellow  gaseous  body, 
containing,  in  every  two  measures,  two  measures  of  chlorine  and  one 
of  oxygen.  It  is  very  freely  soluble  in  water,  and  explodes,  although 
with  no  great  violence,  by  slight  elevation  of  temperature.  The  odour 
of  this  gas  is  peculiar,  and  but  remotely  resembles  that  of  chlorine. 
It  bleaches  powerfully,  and  acts  upon  certain  of  the  metals  in  a  man- 
ner which  is  determined  by  their  respective  attractions  for  oxygen 
and  chlorine.    It  forms  with  the  alkalis  a  series  of  bleaching  salts. 

The  preparations  called  chloride  of,  or  chlorinated,  lime  and  soda, 
contain  hypochlorous  acid.  A  description  of  these  will  be  found 
under  the  head  of  Salts  of  Lime. 

*  NOi!  Cl«.  t  N02  CI. 

J  Hypochlorous  acid  ....  CIO 
Chlorous  acid     ....  ClOa 
Hypochloric  acid    ....  CIO4 
Chloric  acid       ....  CIO5 
Perchloric  acid      ....  CIO? 
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The  reaction  by  which  hypochlorous  acid  is  produced  may  thus  be 
illustrated : — 


Chlorine  Hypochlorous  acid. 


Oxide  of  I  Mercury 


mercury  I  Oxygen 
Chlorine  ,  .Chloride  of  mercury.* 

The  chloride  of  mercury,  however,  does  not  remain  as  such  •  it 
combines  with  another  portion  of  the  oxide,  when  the  latter  is'  in 
excess,  forming  a  peculiar  brown  compound,  an  oxychloride  of  mer- 
cury.t 

Chlorous  Acid. — This  substance  is  prepared  by  heating  in  a  flask 
filled  to  the  neck  a  mixture  of  4  parts  of  chlorate  of  potassa  and  3 
parts  of  ai-senious  acid  with  12  parts  of  nitric  acid  previously  diluted 
by  4  parts  of  water.  During  the  operation,  which  must  be  per- 
formed in  a  water-bath,  a  greenish-yellow  gas  is  evolved,  which  is 
sparingly  soluble  in  water,  and  cannot  be  condensed  by  exposure 
to  a  freezing  mixture.  It  slowly  combines  with  bases,  producing  a 
class  of  salts  called  chlorites.  The  process  which  gives  rise  to  chlorous 
acid  is  rather  complicated.  The  arsenious  acid  deprives  the  nitric 
acid  of  part  of  its  oxygen,  reducing  it  into  nitrous  acid,  which  is 
oxidized  again  at  the  expense  of  the  chloric  acid.  This,  by  the  loss  of 
two-fifths  of  its  oxygen,  becomes  chlorous  acid. 

Hypochloi-io  Acid;  Peroxide  of  Chlorine. — Chlorate  of  potassa  is 
made  into  a  paste  with  concentrated  sulphuric  acid,  and  cooled ;  this 
is  introduced  into  a  small  glass  retort,  and  very  cautiously  heated  by 
warm  water;  a  deep-yellow  gas  is  evolved,  which  is  the  body  in 
question ;  it  can  be  collected  only  by  displacement,  since  mercury 
decomposes,  and  water  absorbs  the  gas. 

HyiDochloric  acid  has  a  powerful  odour,  quite  different  from  that 
of  the  preceding  compounds,  and  of  chlorine  itself.  It  is  exceedingly 
explosive,  being  resolved  with  violence  into  its  elements  by  a  tempe- 
ratui'e  short  of  the  boiUng-point  of  water.    Its  preparation  is,  there- 

*    2HgO       +    201=  HgCl.HgO    +  CIO 

Protoxide  of     Chlorine.   Oxychloride  of  Hypochlorous 
mercury.  mercury.  acid, 

f  A  very  convenient  method  of  preparing  hypochlorous  acid  has  been 
described  by  M.  Pelouze.  Ked  oxide  of  mercury,  prepared  by  precipi- 
tation, and  dried  by  exposure  to  a  strong  heat,  is  introduced  into  a  glass 
tube,  kept  cool,  well  washed,  and  dry  chlorine  gas  is  slowly  passed  over  it. 
Chloride  of  mercury  and  hypochlorous  acid  are  formed  ;  the  latter  is  collected 
by  displacement.  AVben  the  flask  or  bottle  in  which  the  gas  is  received  is 
exposed  to  artificial  cold  by  the  aid  of  a  mixture  of  ice  and  salt,  the  hypo- 
chlorous acid  condenses  to  a  deep-red  liquid,  slowly  soluble  in  w-ater,  and 
very  subject  to  explosion.  It  is  remarkable  that  the  crystalline  oxide  of 
mercury  prepared  by  calcining  the  nitrate,  or  by  the  direct  oxidation  of  the 
metal,  is  scarcely  acted  upon  by  chlorine  under  tl>e  cuxtunstances  described. 
— Ann.  Chim.  et.  Phys.  3rd  series,  vii.  179. 
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fore,  always  attended  by  danger,  and  should  be  performed  only  on  a 
small  scale.  It  is  composed  by  measure  of  one  volume  of  chlorine 
and  two  volumes  of  oxygen,  condensed  into  two  volumes.*  It  may  be 
liquefied  by  cold.  The  solution  of  the  gas  in  water  bleaches.  Salts 
of  this  acid  have  not  yet  been  obtained. 

The  euchlorine  of  Davy,  prepared  by  gently  heating  chlorate  of 
potassa  with  dilute  hydrochloric  acid,  is  probably  a  mixture  of  chlorous 
acid  and  free  chlorine. 

The  production  of  hypochloric  acid  from  chlorate  of  potassa  and  sul- 
phuric acid  depends  upon  the  spontaneous  splitting  of  the  chloric  acid 
into  hypochloric  acid  and  perchloric  acid,  which  latter  remains  in  union 
with  the  potassa. + 

When  a  mi.xture  of  chlorate  of  potassa  and  sugar  is  touched  with  a 
drop  of  oil  of  vitriol,  it  is  instantly  set  on  fire ;  the  hypochloric  acid 
disengaged  being  decomposed  by  the  combustible  substance  with  such 
violence  as  to  cause  inflammation.  If  crystals  of  chlorate  of  potassa 
be  thrown  into  a  glass  of  water,  a  few  small  fragments  of  phosphonjs 
added,  and  then  oil  of  vitriol  poured  down  a  narrow  funnel  reaching 
to  the  bottom  of  the  glass,  the  phosphorus  will  bum  beneath  the  sur- 
face of  the  water  by  the  assistance  of  the  oxygen  of  the  hypochloric 
acid  disengaged.  The  liquid  at  the  same  time  becomes  yellow,  and 
acquires  the  odour  of  that  gas. 

Chloric  Acid. — This  is  the  most  important  compound  of  the  series. 
When  chlorine  is  passed  to  saturation  into  a  moderately  strong  hot 
solution  of  caustic  potassa,  or  the  carbonate  of  that  base,  and  the  liquid 
concentrated  by  evaporation,  it  furnishes,  on  cooling,  flat  tabular  crys- 
tals of  a  colourless  salt,  consisting  of  potassa  combined  with  chloric 
acid.  The  mother-liquor  contains  chloride  of  potassium.  In  this  re- 
action a  part  of  the  potassa  is  decomposed ;  its  oxygen  combines  with 
one  portion  of  chlorine  to  form  chloric  acid,  while  the  potassium  is 
taken  up  by  a  second  portion  of  the  same  substance.  J 

*  In  equivalents,  as  already  stated,  CIO4. 

t  3  equiv.  chloric  il  "^l-  '^1^^°""''     2    eq  hypochloric 

acid     .         ^Seq,  oxygen—   acid. 

v7  eq.  oxygen  

1  eq.  chlorine  1    eq.  perchloric 

acid. 

3(KO,C105)  -H  3(H0S03)  =  2CIO4      +      ClOr     +  3(K0S03)  3H0 

Chlorate  of    Sulphuric  Hypochloric     Perchloric     Sulphate  of  AVato 
potassa.  acid.  acid.  acid.  potassa. 

t  6  eq.  chlorine  |  ^  ^'^  chlorine   5  eq  chloride  potassium. 

{5  eq.  potassium^^^^~^^C^ 
5  eq.  oxygen  — — 
1  eq.  potassa       '  1  eq.  chlorate  potassa. 

_6K0__-f-    6C1      =  K0,C105     -t.  5IC01 

Potassa.   Chlorine.     Chlorate  of    Chloride  of 
potassa.  potassium. 
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From  chlorate  of  potassa  chloric  acid  may  be  obtained  by  boiling 
the  salt  with  a  solution  of  hydrofiuosilicic  acid,  which  forms  an  almost 
insoluble  salt  with  potassa,  decanting  the  clear  liquid,  and  digesting 
it  with  a  little  silica,  which  removes  the  excess  of  the  hydrofiuosilicic 
acid.    Filtration  through  paper  must  be  avoided. 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrated  as  to 
assume  a  syrupy  consistence ;  it  is  then  very  easily  decomposed.  It 
sometimes  sets  fire  to  paper,  or  other  dry  organic  matter,  in  conse- 
quence of  the  facility  with  which  it  is  deoxidized  by  combustible 
bodies. 

The  chlorates  are  easily  recognized ;  they  give  no  precipitate  when 
in  solution  with  nitrate  of  baryta  or  silver  ;  they  evolve  pure  oxygen 
when  heated,  passing  thereby  into  chlorides ;  and  they  afford,  when 
treated  with  sulphuric  acid,  the  characteristic  explosive  yellow  gas 
already  described.  The  dilute  solution  of  the  acid  has  no  bleaching 
power. 

Perchloric  Acid. — Prof.  Penny  has  shown  that  when  powdered 
chlorate  of  potassa  is  thrown  by  small  portions  at  a  time  into  hot  nitric 
acid  a  change  of  the  same  description  as  that  which  happens  when  sul- 
phuric acid  is  used  takes  place,  but  with  this  important  difference, 
that  the  chlorine  and  oxygen,  instead  of  being  evolved  in  a  dangerous 
state  of  combination,  ai-e  emitted  in  a  state  of  mixture.  The  result 
of  the  reaction  is  a  mixture  of  nitrate  of  potassa  and  perchlorate  of 
potassa,  which  may  be  readily  sepai-ated  by  their  diflerence  of  solu- 
bility. 

By  treating  the  potassa-salt  in  the  manner  directed  for  chloric  acid, 
the  free  acid  may  be  obtained  tolerably  pure.  It  may  be  concentrated 
by  evaporation,  and  even  distilled  without  change.  The  solution 
fumes  slightly  in  the  air,  and  has  a  specific  gravity  of  1"65.  It  is  very 
deliquescent  or  hygroscopic,  and  has  no  bleaching  properties.  The 
perchlorates  much  resemble  the  chlorates ;  they  give  off  oxygen  when 
heated  to  redness.  This  acid  is  the  most  stable  of  tlie  compounds  of 
chlorine  and  oxygen. 
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This  remai-kable  substance  was  first  noticed  in  1812  by  M. 
Courtois  of  Paris.  Minute  traces  are  found  in  combination  with  so- 
dium or  potassium  in  sea-water,  and  occasionally  a  much  larger  pro- 
portion in  that  of  certain  mineral  springs.  It  seems  to  be  in  some 
way  beneficial  to  many  marine  plants,  as  these  latter  have  the  power 
of  abstracting  it  from  the  surrounding  water,  and  accumulating  it  in 
their  tissues.    It  is  from  this  source  that  all  the  iodine  of  commei-ce 
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is  derived.  It  has  lately  been  found  in  minute  quantity  in  some 
aluminous  slates  of  Sweden,  and  in  several  varieties  of  coal  and 
turf. 

Kelp,  or  the  half-vitrified  ashes  of  sea-weeds,  prepared  by  the  in- 
habitants of  the  Western  Islands  and  the  northern  shores  of  Scot- 
land and  Ireland,  is  treated  with  water,  and  the  solution  filtered. 
The  liquid  is  then  concentrated  by  evaporation  until  it  is  reduced  to 
a  very  small  volume,  the  chloride  of  sodium,  carbonate  of  soda,  chlo- 
ride of  potassium,  and  other  salts,  being  removed  as  they  successively 
crystallize.  The  dark-brown  mother-liquor  left  contains  very  nearly 
the  whole  of  the  iodine,  as  iodide  of  sodium,  magnesium,  &c. ;  this  is 
mixed  with  sulphuric  acid  and  binoxide  of  manganese,  and  gently  heated 
in  a  leaden  retort,  when  the  iodine  distils  over  and  condenses  in  the 
receiver.  '  The  theory  of  the  operation  is  exactly  analogous  to  that  of 
the  preparation  of  chlorine ;  it  requires  in  practice,  however,  careful 
management,  otherwise  the  impurities  present  in  the  solution  interfere 
with  the  general  result.* 

The  manganese  is  not  really  essential;  iodide  of  potassium  or 
sodium,  heated  with  an  excess  of  sulphuric  acid,  evolves  iodine. 
This  effect  is  due  to  a  secondary  action  between  the  hydriodic  acid 
first  produced,  and  the  excess  of  the  sulphuric  acid,  in  which  both 
sulfer  decomposition,  yielding  iodine,  water,  and  sulphurous  acid. 

Iodine  crystallizes  in  plates  or  scales  of  a  bluish-black  colour  and 
imperfect  metallic  lustre,  resembling  that  of  plumbago ;  the  crystals 
are  sometimes  very  large  and  brilliant.  Its  density  is  4"948.  At 
225°  (107°-2C)  it  fuses,  and  at  347-^  (175°C)  boils,  the  vapour  having 
an  exceedingly  beautiful  violet  colour.+  It  is  slowly  volatile, 
however,  at  common  temperatures,  and  exhales  an  odour  much 
resembling  that  of  chlorine.  The  density  of  the  vapour  is  8'716. 
Iodine  requires  for  solution  about  7000  parts  of  water,  which  never- 
theless acquires  a  brown  colour;  in  alcohol  it  is  much  more  freely 
soluble.  Solutions  of  hydriodic  acid  and  the  iodides  of  the  alkaline 
metals  also  dissolve  a  large  quantity  :  these  solutions  are  not  decom- 
posed by  water,  which  is  the  case  with  the  alcoholic  tincture. 

This  substance  stains  the  skin,  but  not  permanently  ;  it  has  a  very 
energetic  action  upon  the  animal  system,  and  is  much  used  in  medi- 
cine. 

One  of  the  most  characteristic  properties  of  iodine  is  the  production 
of  a  splendid  blue  colour  by  contact  with  the  organic  principle  starch. 
The  iodine  for  this  pur^Dose  must  be  free  or  uncombined.  It  is  easy, 
however,  to  make  the  test  available  for  the  purpose  of  recognizing  the 

*  +  ,  Md02  +  2(H^03)  =   I    +    K0,S03    +  MnO,S03 

Iodide  of    Binoxide  of  Sulphuric    Iodine.   Sulphate  of    Sulphate  of 
potassium,  manganese.      acid.  potassat  manganese 

t  Whance  the  name,  from  iwS^s,  violet-coloured. 
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presence  of  tlie  element  in  question  wlien  a  soluble  iodide  is  sus- 
pected ;  it  is  only  necessary  to  add  a  very  small  quantity  of  chlorine- 
water,  when  the  iodine,  being  displaced  from  combination,  becomes 
capable  of  acting  upon  the  starch. 

Hydriodic  Acid. — Tlie  simplest  process  for  preparing  hydriodic 
acid  gas  is  to  introduce  into  a  glass  tube,  sealed  at  one  extremity,  a 
little  iodine,  then  a  small  quantity  of  roughly-powdered  glass  mois- 
tened with  water,  upon  this  a  few  little  fragments  of  phosphorus,  and 
lastly  more  glass  :  this  order  of  iodine,  glass,  phosphorus,  glass,  is 
repeated  until  the  tube  is  half  or  two-thirds  filled.  A  cork  and 
narrow  bent  tube  are  then  fitted,  and  gentle  heat  applied.  The  gas 
is  received  over  mercury.  The  experiment  depends  upon  the  for- 
mation of  an  iodide  of  phosphorus,  and  its  subsequent  decomposition 
by  water,  hydi-ated  phosphorus  acid  and  iodide  of  hydrogen  being 

produced.*  The  glass  merely  serves 
^^9- 101.  moderate  the  violence  of  the 

action  of  the  iodine  upon  the  phos- 
phorus. 

Hydi-iodic  acid  gas  greatly  re- 
sembles the  corresponding  chlo- 
rine compound ;  it  is  colourless, 
and  highly  acid  ;  it  fumes  in  the 
air,  and  is  very  soluble  in  water. 
Its  density  is  about  4*4.  By 
weight  it  is  composed  of  127  pai'ts 
iodine  and  1  part  hydrogen  ;  and 
by  measure,  of  equal  volumes  of 
iodine-vapour  and  hydrogen  united 
without  condensation. 

Solution  of  hydriodic  acid  may 
be  prepared  by  a  process  much  less 
troublesome  than  the  above.  Io- 
dine in  fine  powder  is  suspended  in 
water,  and  a  stream  of  washed  sul- 
phuretted hydrogen  passed  through 
the  mixture;  sulphur  is  deposited,  and  the  iodine  converted  into 
hydriodic  acid.  When  the  liquid  has  become  colourless,  it  is  heated, 
to  expel  the  excess  of  sulphuretted  hydrogen,  and  filtered.  This 
solution  cannot  long  be  kept,  especially  if  it  be  strong ;  the  oxygen 
of  the  air  gradually  decomposes  the  hydriodic  acid,  and  lodme  is  set 
free,  which,  dissolving  in  the  remainder,  communicates  to  it  a  brown 
colour. 


Phospho- 
rus. 


-t-     31    -f   6H0   =    3HI     +  SHO.POs 


Hydrated. 


Iodine.  Water. 


Hydriodic 
acid. 


IODINE. 


161 


Compounds  of  Iodine  and  Oxygen. 

The  most  important  of  tliese  are  the  iodic  and  periodic  acids. 

Composition  by  Weight. 

^  ^ 

Iodine.  Oxygen. 

Iodic  acid   127  40 

Periodic  acid*        ....    127  56 

Iodic  acid  may  be  prepared  by  the  direct  oxidation  of  iodine  by 
nitric  acid  of  specific  gravity  1-5  ;  5  parts  of  dry  iodine  with  200 
parts  of  nitric  acid  are  Icept  at  a  boiling  temperature  for  several 
hours,  or  until  the  iodine  has  disappeared.  The  solution  is  then 
cautiously  distilled  to  dryness,  and  the  residue  dissolved  in  water  and 
made  to  crystallize. 

Iodic  acid  is  a  very  soluble  substance  ;  it  crystallizes  in  colourless, 
six-sided  tables,  which  contain  water.  It  is  decomposed  by  heat,  and 
its  solution  readily  deoxidized  by  sulphurous  acid.  The  iodates  much 
resemble  the  chlorates  ;  that  of  potassa  is  decomposed  by  heat  into 
iodide  of  potassium  and  oxygen  gas. 

Periodic  Acid. — When  solution  of  iodate  of  soda  is  mixed  with 
caustic  soda,  and  a  current  of  chlorine  transmitted  through  the  liquid, 
two  salts  are  formed,  namely,  chloride  of  sodium  and  a  combination 
of  periodate  of  soda  with  hydrate  of  soda,  which  is  sparingly  solu- 
ble.f  This  is  separated,  converted  into  a  silver-salt,  and  dissolved  in 
nitric  acid :  the  solution  yields  on  evaporation  crystals  of  yellow 
periodate  of  silver;  from  which  the  acid  may  be  separated  by  the 
action  of  water,  which  resolves  the  salt  into  free  acid  and  insoluble 
basic  periodate. 

The  acid  itself  may  be  obtained  in  crystals.  It  is  permanent  in 
the  air,  and  capable  of  being  resolved  into  iodine  and  oxygen  by  a 
high  temperature. 

BROMTNE. 

Bromine  J  dates  back  to  1826  only,  having  been  discovered  by 
M.  Balard  of  Montpelier.  It  is  found  in  sea-water,  and  is  a  frequent 
constituent  of  saline  springs,  chiefly  as  bromide  of  magnesium ; — a 

*  IO5,  and  IO7. 

t    NWO5+  3NaO  +    2C1     =      2lSraO,I07     +  2NaCl 

Iodate  of    Soda.    Chlorine.    Basic  Periodate     Chloride  of 

soda.  of  soda.  sodimn. 

t  From  /Jpw(xos,  a  noisome  smell ;  a  very  appropriate  term. 

M 
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celebrated  spring  of  the  kind  exists  near  Kreuznach  in  Prussia. 
Bromine  may  be  obtained  pure  by  the  following  process,  which  de- 
pends upon  the  fact,  that  ether  agitated  with  an  aqueous  solution  of 
bromine,  removes  the  greater  part  of  that  substance. 

The  mother-liquor,  from  which  the  less  soluble  salts  have  separated 
by  crystallization,  is  exposed  to  a  stream  of  chlorine,  and  then  shaken 
up  with  a  quantity  of  ether  ;  the  chlorine  decomposes  the  bromide  of 
magnesium,  and  the  ether  dissolves  the  bromine  thus  set  free.  On 
standing,  the  ethereal  solution.  Laving  a  fine  red  colour,  separates, 
and  may  be  removed  by  a  funnel  or  pipette.  Caustic  potassa  is  then 
added  in  excess,  and  heat  applied ;  bromide  of  potassium  and  bromate 
of  potassa  are  foi-med.  The  solution  is  evaporated  to  dryness,  and 
the  saline  matter,  after  ignition  to  redness  to  decompose  the  bromate 
of  potassa,  heaied  in  a  small  retort  with  binoside  of  manganese  and 
sulphui-ic  acid  diluted  with  a  little  water,  the  neck  of  the  retort  being 
plunged  into  cold  water.  The  bromine  volatilizes  in  the  form  of  a 
deep-red  vapour,  which  condenses  into  di'ops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  a  red  thin  liquid  of  an  exceed- 
ingly intense  colour-,  and  very  volatile;  it  freezes  at  about  19° 
(  — 7«  •  2C),  and  boils  at  145«  -4  (63°C).  The  density  of  the  liquid 
is  2*976,  and  that  of  the  vapoar  5*39.  The  odour  of  bromine  is  very 
suffocating  and  offensive,  much  resembling  that  of  iodine,  but  more 
disagi'eeable.  It  is  slightly  soluble  in  water,  more  freely  in  alcohol, 
and  most  abundantly  in  ether.    The  aqueous  solution  bleaches. 

Hydrohromic  Acid.* — This  substance  bears  the  closest  resemblance 
in  every  particular  to  hydriodic  acid  ;  it  has  the  same  constitution  by 
volume,  very  nearly  the  same  properties,  and  may  be  firepared  by 
means  exactly  similar,  substituting  the  one  body  for  the  other.  The 
solution  of  hydrobromic  acid  has  also  the  power  of  dissolving  a  large 
quantity  of  bromine,  thereby  acquiring  a  red  tint.  Hydrobromic  acid 
contains  by  weight  80  parts  bromine,  and  1  part  hydrogen. 

Bromic  Acid.'\ — Caustic  alkalis  in  presence  of  bromine  undergo  the 
same  change  as  with  chlorine,  bromide  of  the  metal  and  bromate  of 
the  oxide  being  produced  ;  these  may  often  be  separated  by  the  inferior 
solubility  of  the  latter.  Bromic  acid,  obtained  from  bromate  of  baryta, 
closely  resembles  chloric  acid  ;  it  is  easily  decomposed.  The  bromates 
when  heated  lose  oxygen  and  become  bromides. 

No  other  compound  of  bromine  and  oxygen  ias  yet  been  described. 


TLUORINE. 

This  element  has  never  been  isolated,  at  least  in  a  state  fit  for  ex- 
amination ;  its  properties  are  consequently  in  great  measm-e  unknown  ; 


*  HBr. 


t  BrOa. 
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from  the  observations  made  it  is  presumed  to  be  gaseous,  and  to  pos- 
sess colour,  like  chlorine.  The  compounds  containing  fluorine  can 
be  easily  decomposed,  and  the  element  transferred  from  one  body  to 
another ;  but  its  extraordinary  chemical  energies  towai'ds  the  metals 
and  towards  silicium,  a  component  of  glass,  have  hitherto  baffled  all 
attempts  to  obtain  it  pure  in  a  separate  state.  As  fluoride  of  calcium 
it  exists  in  small  quantities  in  many  animal  substances,  such  as  bones. 
Several  chemists  have  endeavoured  to  obtain  it  by  decomposing 
fluoride  of  silver  by  means  of  chlorine  in  vessels  of  fluor-spar,  but  even 
these  experiments  have  not  led  to  a  decisive  result, 

Hydroflouric  Acid.* — When  powdered  fluoride  of  calcium  (fluor- 
spar) is  heated  with  concentrated  sulphuric  acid  in  a  retort  of  plati- 
num or  lead  connected  with  a  carefully-cooled  receiver  of  the  same 
metal,  a  very  volatile  colourless  liquid  is  obtained,  which  emits 
copious  white  and  highly-sufibcating  fumes  in  the  air.  This  was  for- 
merly believed  to  be  the  acid  in  an  anhydrous  state.  M.  Louyet,  how- 
ever, states  that  it  still  contains  water,  and  that  hydi'ofluoric  acid,  like 
hydrochloric  acid,  when  anhydi-ous,  is  a  gas. 

When  hydrofluoric  acid  is  put  into  water,  it  unites  with  the  latter 
with  great  violence :  the  dilute  solution  attacks  glass  with  great  faci- 
lity. The  concentrated  acid  dropped  upon  the  skin  occasions  deep 
and  malignant  ulcers,  so  that  great  care  is  requisite  in  its  manage- 
ment. Hydrofluoric  acid  contains  19  parts  fluorine  and  1  part  hy- 
drogen. 

In  a  diluted  state,  this  acid  is  occasionally  used  in  the  analysis  of 
siliceous  minerals,  when  alkali  is  to  be  estimated ;  it  is  employed 
also  for  etching  on  glass,  for  which  purpose  the  acid  may  be  prepared 
in  vessels  of  lead,  that  metal  being  but  slowly  attacked  under  these 
circumstances.  The  vapour  of  the  acid  is  also  veiy  advantageously 
applied  to  the  same  object  in  the  following  manner :  the  glass  to  be 
engraved  is  coated  with  etching-ground  or  wax,  and  the  design  traced 
in  the  usual  way  with  a  pointed  instrument.  A  shallow  basin  made 
by  beating  up  a  piece  of  sheet-lead  is  then  prepai-ed,  a  little  powdered 
fluor-spar  placed  in  it,  and  enough  sidphuric  acid  added  to  fonn  with 
the  latter  a  thin  paste.  The  glass  is  placed  upon  the  basin,  with  the 
waxed  side  downwai-ds,  and  gentle  heat  applied  beneath,  which 
speedily  disengages  the  vapour  of  hydi-ofluoric  acid.  In  a  very  few 
minutes  the  operation  is  complete ;  the  glass  is  then  removed  and 
cleaned  by  a  little  warm  oil  of  turpentine.  When  the  experiment  is 
successful,  the  lines  are  very  clear  and  smooth. 

No  combination  of  fluorine  and  oxygen  has  yet  been  discovered. 


/ 
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SILICIUM. 

Siliciuni,  sometimes  called  silicon,  in  union  with  oxygen  consti- 
tuting silica,  or  tlie  earth  of  flints,  is  a  very  abundant  substance,  and 
one  of  great  importance.  It  enters  largely  into  the  composition  of 
many  of  the  rocks  and  mineral  masses  of  which  the  surface  of  the  earth 
is  composed.  The  following  process  yields  silicium  most  readily.  The 
double  fluoride  of  silicium  and  potassium  is  heated  in  a  glass  tube 
with  nearly  its  own  weight  of  metallic  potassium ;  violent  reaction 
ensues,  and  silicium  is  set  free.  When  cold,  the  contents  of  the  tube 
are  put  into  cold  water,  which  removes  the  saline  matter  and  any 
residual  potassium,  and  leaves  the  silicium  untouched.  So  prepared, 
silicium  is  a  dark-brown  powder,  destitute  of  lustre.  Heated  in  the 
air,  it  burns,  and  becomes  superficially  converted  into  silica.  It  is 
also  acted  upon  by  sulphur  and  by  chlorine.  When  silicium  is  strongly 
heated  in  a  covered  crucible,  its  properties  are  greatly  changed  ;  it 
becomes  darker  in  colour,  denser,  and  incombustible,  refusing  to  hum 
even  when  heated  by  the  flame  of  the  oxyhydrogen  blowpipe. 

Silica. — This  is  the  only  known  oxide;  it  contains  21*3  parts 
silicium,  and  24  parts  oxygen.*  Colom-less  transparent  rock-crystal 
consists  of  silica  very  neai-ly  in  a  state  of  purity ;  common  quartz, 
agate,  calcedony,  flint,  and  several  other  minerals,  are  also  chiefly 
composed  of  this  substance. 

Fig.  102.  The  experiment  about  to  be  described  furnishes 

silica  in  a  state  of  complete  purity,  and  at  the  same 
time  exhibits  one  of  the  most  remarkable  properties 
of  silicium,  namely,  its  attraction  for  fluorine.  A 
mixture  is  made  of  equal  parts  fluor-spar  and  glass, 
both  finely  powdered,  and  introduced  into  a  glass 
flask,  with  a  quantity  of  oil  of  vitriol,  A  tolerably 
wide  bent  tube,  fitted  to  the  flask  by  a  cork,  passes 
to  the  bottom  of  a  glass  jar,  into  which  enough 
mercury  is  poured  to  cover  the  extremity  of  the 
tube.  The  jar  is  then  half  filled  with  water,  and 
heat  is  applied  to  the  flask. 

The  first  effect  is  the  disengagement  of  hydrofluoric 
acid  :  this  substance,  however,  finding  itself  in  contact 
with  the  silica  of'  the  powdered  glass,  undergoes  de- 
composition, water  and  fluoride  of  silicium  being  pro- 
duced. The  latter  is  a  permanent  gas,  which  escapes 
from  the  flask  by  the  bent  tube.  By  contact  with  a 
large  quantity  of  water,  it  is  in  turn  decomposed, 
yielding  silica,  which  separates  in  a  beautiful  gelatinous  condition, 


•  Or,  SiOj. 
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and  an  acid  liquid  which  is  a  double  fluoride  of  silicium  and  hydrogen, 
commonly  called  hydrofluosilicic  acid.*  The  silica  may  be  collected 
on  a  cloth  filter,  well  washed,  dried,  and  heated  to  redness,  to  expel 
water. 

The  acid  liquid  is  kept  as  a  test  for  baryta  and  potassa,  with  which 
it  forms  nearly  insoluble  precipitates,  the  double  fluoride  of  silicium 
and  potassium  being  used,  as  was  stated,  in  the  preparation  of  silicium. 
The  fluoride  of  silicium,  instead  of  being  conducted  into  water,  may  be 
collected  over  mercury ;  it  is  a  permanent  gas,  destitute  of  colour, 
and  very  heavy.  Admitted  into  the  air,  it  condenses  the  moisture 
of  the  latter,  giving  rise  to  a  thick  white  cloud.  It  is  important  in 
the  experiment  above  described  to  keep  the  end  of  the  delivery-tube 
from  touching  the  water  of  the  jar,  otherwise  it  almost  instantly 
becomes  stopped ;  the  mercury  effects  this  object. 

There  is  another  method  by  which  pure  silica  can  be  prepared,  and 
which  is  also  very  instructive,  inasmuch  as  it  is  the  basis  of  the  pro- 
ceeding adopted  in  the  analysis  of  all  siliceous  minerals.  Powdered 
rock-crystal  or  fine  sand  is  mixed  with  about  three  times  its  weight  of 
dry  carbonate  of  soda,  and  the  mixture  fused  in  a  platinum  crucible. 
When  cold,  the  glassy  mass  is  boiled  with  water,  by  which  it  is  soft- 
ened, and  almost  entirely  dissolved.  An  excess  of  hydrochloric  acid 
is  then  added  to  the  filtered  liquid,  and  the  whole  evaporated  to  com- 
plete dryness.  By  this  treatment  the  gelatinous  silica  thrown  down 
by  the  acid  becomes  completely  insoluble,  and  remains  behind  when 
the  dry  saline  mass  is  treated  with  acidulated  water,  by  which  the 


(1)  Reaction  of  hydrofluoric  acid  upon  silica ; — 

Hydrofluoric  ( Fluorine  Gaseous  fluoride  of 

acid    .      ( Hydrogen  ^  silicium. 

buica     .     -[Oxygen   Water. 


3HF     +    SiOg   =    3H0    +  Sl.F., 

rei-fluori 
of 

silicium. 


Hydrofluoric     Silica.       Water.  Tei-fluoride 
acid.  of 


(2)  Decomposition  of  fluoride  of  silicium  by  water  :— 


Fluoride  of  (  Silicium 
silicium     \  Fluorine 

Water    .     \  ^l^^'' 
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Hydrofluosilicic  acid. 
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alkaline  salts,  alumina,  sesquioxide  of  iron,  lime,  and  many  other 
bodies  which  may  happen  to  be  present,  ai-e  removed.  The  silica  is 
washed,  dried,  and  heated  to  redness. 

The  most  prominent  characters  of  silica  are  the  following :  it  is  a 
very  fine,  white,  tasteless  powder,  not  sensibly  soluble  in  water  or 
dilute  acids  (with  the  exception  of  hydrofluoric)  unless  recently  pre- 
cipitated. It  dissolves,  on  the  contraiy,  freely  in  strong  alkaline  so- 
lutions. Its  density  is  about  2-66,  and  it  is  only  to  be  fused  by  the 
oxyhydrogen  blowpipe. 

Silica  is  in  reality  an  acid,  and  a  veiy  powerful  one ;  insolubility  in 
water  prevents  the  manifestation  of  acid  properties  under  ordinary 
circumstances.  When  heated  with  bases,  especially  those  wliich  are 
capable  of  undergoing  fusion,  it  unites  with  them  and  forms  true  salts, 
wliich  are  sometimes  soluble  in  water,  as  in  the  case  of  the  silicates  of 
potassa  and  soda  when  the  proportion  of  base  is  considerable.  Com- 
mon glass  is  a  mixture  of  several  silicates  in  which  the  reverse  of  this 
happens,  the  silica,  or  as  it  is  more  correctly  called,  silicic  acid,  being 
in  excess.     Even  glass,  however,  is  slowly  acted  upon  by  water. 

Finely-divided  silica  is  highly  useful  in  the  manufactui-e  of  porce- 
lain. 

BORON. 

This  substance  is  closely  related  to  silicium  ;  it  is  the  basis  of 
boracic  acid. 

Boron  is  prepared  by  a  process  very  similar  to  that  described  in  the 
case  of  silicium,  the  double  fluoride  of  boron  and  potassium  being  sub- 
stituted for  the  other  salt,  and  the  operation  conducted  in  a  small  u'on 
vessel  instead  of  a  glass  tube.  It  is  a  dull  greenish-brown  powder, 
which  burns  in  the  air  when  heated,  producing  boracic  acid.  Nitric 
acid,  alkalis  in  a  fused  condition,  chlorine,  and  other  agents,  attack  it 
readily. 

There  is  but  one  oxide  of  boron,  namely,  horacio  acid,  containing 
10  "9  parts  of  boron  and  24  parts  of  oxygen.* 

Boracic  acid  is  found  in  solution  in  the  water  of  the  hot  volcanic 
lagoons  of  Tuscany,  whence  a  large  supply  is  at  present  derived.  It 
is  also  easily  made  by  decomposing  with  sulphuric  acid  a  hot  solution 
of  borax,  a  salt  brought  from  the  East  Indies,  consisting  of  boracic 
acid  combined  with  soda. 

Boracic  acid  crystallizes  in  transparent  colourless  plates,  soluble  in 
about  25  parts  of  cold  water,  and  in  a  much  smaller  quantity  at  a 
boiling  heat ;  the  acid  has  but  little  taste,  and  feebly  aflects  vegetable 
colours.  When  heated,  it  loses  water,  and  melts  to  a  glassy  trans- 
parent mass,  which  dissolves  many  metallic  oxides  with  gi-eat  ease. 
The  crystals  contain  34'9  parts  of  real  acid,  and  27  parts  of  water.f 
They  dissolve  in  alcohol,  and  the  solution  burns  with  a  green  flame. 
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Glassy  boracic  acid  in  a  state  of  fusion  requires  for  its  dissipation 
in  vapour  a  very  intense  and  long-continued  heat :  the  solution  in 
water  cannot,  however,  be  evaporated  without  very  appreciable  loss 
by  volatilization ;  hence  it  is  probable  that  the  hydrate  is  far  more 
volatile  than  the  acid  itself. 

By  heating  in  a  glass  tiask  or  retort  one  part  of  the  vitrified  boracic 
acid,  2  of  fluor-spar,  and  1 2  of  oil  of  vitriol,  a  gaseous  fluoride  of 
boron  may  be  obtained,  and  received  in  glass  jars  standing  over  mer- 
cury. It  is  a  transparent  gas,  very  soluble  iu  water,  and  very  heavy  ; 
it  fonns  a  dense  fume  in  the  air  like  the  fluoride  of  silicium.* 

*  These  two  bodies  are  thus  constituted :— SiFs,  and  BoFs. 
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ON  CERTAIN  IMPORTANT  COMPOUNDS  FORMED  BY 
THE  UNION  OF  THE  PRECEDING  ELEMENTS 
AMONG  THEMSELVES. 


COMPOTJiroS  OF  CARBON  AND  HYDROGEN. 

The  compounds  of  carbon  and  hydrogen  already  known  are  exceed- 
ingly numerous  ;  perhaps  all,  in  strictness,  belong  to  the  domain  of 
organic  chemistry,  as  they  cannot  be  formed  by  the  direct  union  of 
their  elements,  but  always  arise  from  the  decomposition  of  a  complex 
body  of  organic  origin.  It  wUl  he  found  convenient,  notwithstanding, 
to  describe  two  of  them  in  this  pai-t  of  the  volume,  as  they  very  well 
illustrate  the  important  subjects  of  combustion,  and  the  nature  of 
flame. 

Light  Carbonetted  or  Carhuretted  Hydrogen ;  Marsh-gas ;  Fire- 
damp ;  Gas  of  the  Acetates. — This  gas  is  but  too  often  found  to  be 
abundantly  disengaged  in  coal-mines  from  the  fi'esh-cut  sui-face  of  the 
coal,  and  from  remarkable  apertui'es  or  "blowers,"  which  emit  for  a 
great  length  of  time  a  copious  stream  or  jet  of  gas,  which  probably 
existed  in  a  state  of  compression,  pent  up  in  the  coal. 

The  mud  at  the  bottom  of  pools  in  which  water-plants  grow,  on 
being  stirred,  suffers  bubbles  of  gas  to  escape,  which  may  be  easily 
collected.  This,  on  examination,  is  found  to  be  chiefly  a  mixture  of 
light  carbonetted  hydrogen  and  carbonic  acid  ;  the  latter  is  easily  ab- 
sorbed by  lime-water  or  caustic  potassa. 

Until  recently,  no  method  was  known  by  which  the  gas  in  ques- 
tion could  be  produced  in  a  state  approaching  to  purity  by  artificial 
means  ;  the  various  illuminating  gases  from  pit-coal  and  oil,  and  that 
obtained  by  passing  the  vapour  of  alcohol  through  a  red-hot  tube,  con- 
tain large  quantities  of  light  carbonetted  hydi-ogen,  associated,  how- 
ever, with  other  substances  which  hardly  admit  of  separation. 
M.  Dumas  was  so  fortunate  as  to  discover  a  method  by  which  that  gas 
can  be  pi-oduced  at  will,  perfectly  pure,  and  in  any  quantity. 

A  mixture  is  made  of  40  parts  crystallized  acetate  of  soda,  40  parts 
solid  hydrate  of  potassa,  and  60  parts  quicklime  in  powder.  This 
mixtui-e  is  transferred  to  a  flask  or  retort,  and  strongly  heated ;  the 
gas  is  disengaged  in  great  abundance,  and  may  be  collected  over 
water,* 

*  Ann.  Chim.  et  Phys.  Ixxiii.  93.  The  reaction  consists  in  the  conversion 
of  the  acetic  acid,  by  the  aid  of  the  elements  of  water,  into  carbonic  acid  and 
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Light  carbonetted  hydrogea  is  a  colourless  and  nearly  inodorous 
gas,  which  does  not  affect  vegetable  colours.  It  burns  with  a  yellow 
flame,  generating  cai'bonic  acid  and  water.  It  is  not  poisonous,  and 
may  be  respired  to  a  great  extent  without  apparent  injury.  Tiie 
density  of  this  compound  is  about  0-559,  100  cubic  inches  weigh- 
ing 17-41  grains  ;  and  it  contains  carbon  and  hydrogen  associated 
in  the  proportion  of  6  parts  by  weight  of  the  former  to  2  of  the 
latter.* 

When  100  measures  of  this  gas  are  mixed  with  200  of  pure  oxygen 
in  the  eudiometer,  and  the  mixture  exploded  by  the  electric  spark, 
100  measures  of  a  gas  remain  which  is  entii'ely  absorbable  by  a  little 
solution  of  caustic  potassa.  Now  carbonic  acid  contains  its  own 
volume  of  oxygen;  hence  one  half  the  oxygen  added,  that  is  100 
measures,  must  have  been  consumed  in  uniting  with  the  hydrogen. 
Consequently,  the  gas  must  contain  twice  its  own  measure  of  hydrogen, 
and  enough  carbon  to  produce,  when  completely  burned,  an  equal 
quantity  of  carbonic  acid. 

When  chlorine  is  mixed  with  light  carbonetted  hydrogen  over 
water,  no  change  follows,  provided  light  be  excluded.  The  presence 
of  light,  however,  brings  about  decomposition,  hydrochloric  acid,  car- 
bonic acid,  and  sometimes  other  products  being  produced.  It  is  im- 
portant to  remember  that  the  gas  is  not  acted  upon  by  chlorine  in  tlie 
dark. 

Olefiant  Gas. — Strong  spirit  of  wine  is  mixed  with  five  or  six  times 
its  weight  of  oil  of  vitriol  in  a  glass-flask,  the  tube  of  which  passes  into 
a  wash-bottle  containing  caustic  potassa.  A  second  wash-bottle,  partly 
filled  with  oil  of  vitriol,  is  connected  with  the  first,  and  furnished  with  a 
tube  dipping  into  the  water  of  the  pneumatic  trough.  On  the  first 
application  of  heat  to  the  contents  of  the  flask,  alcohol,  and  afterwards 
ether,  make  their  appearance  ;  but,  as  the  tempei-ature  rises,  and  the 
mixtui-e  blackens,  the  ether-vapour  diminishes  in  quantity,  and  its 
place  becomes  in  great  part  supplied  by  a  permanent  inflammable 
gas ;  carbonic  acid  and  sulphurous  acid  are  also  generated  at  the  same 
time,  besides  traces  of  other  products.  The  two  last-mentioned  gases 
are  absorbed  by  the  alkali  in  the  first  bottle,  and  the  ether-vapour  by 

light  carbonetted  hydrogen ;  the  instability  of  the  organic  acid  at  a  high  tem- 
perature, and  the  attraction  of  the  potassa  for  carbonic  acid,  beingthe  deter- 
mining causes.  The  lime  prevents  the  hydrate  of  potassa  from  fusing  and 
attacking  the  glass  vessels.  This  decomposition  is  best  understood  by  putting 
it  in  the  shape  of  an  equation. 

Acetic  acid  C .H„0o  7  f  Carbonic  acid,  2  eq.  C„  0 , . 
Water        ^''o  ]  =  \  Marsh-gas,  2  eq.     C^H^  ■* 

*  The  two  carbides  of  hydrogen  here  described  are  thus  represented  in  eaui- 
valents : —  ' 
Light  carbonetted  hydrogen      C  H, 
Olefiant  gas      .       .       .  CgHa 
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the  acid  in  the  second,  so  that  the  defiant  gas  is  delivered  tolerably 
pure.  The  reaction  is  too  complex  to  he  discussed  at  the  present  mo- 
ment ;  it  will  be  found  fully  described  in  another  part  of  the  volume. 
Olefiant  gas  thus  produced  is  colourless,  neutral,  and  but  slightly 
soluble  in  water.  Alcohol,  ether,  oil  of  turpentine,  and  even  olive  oil, 
as  Mr.  Faraday  has  observed,  dissolve  it  to  a  considerable  extent.  It 
has  a  faint  odour  of  garlic.  On  the  approach  of  a  kindled  taper  it 
takes  fire,  and  burns  with  a  splendid  white  hght,  far  surpassing  in 
biilliancy  that  produced  by  light  carbonetted  hydrogen.  This  gas, 
when  mixed  with  oxygen  and  fired,  explodes  with  extreme  violence. 
Its  density  is  0-981  ;  100  cubic  inches  weigh  30-57  grains. 

By  the  use  of  the  eudiometer,  as  already  described,  it  has  been  found 
that  each  measure  of  olefiant  gas  requires  for  complete  combustion 
exactly  three  of  oxygen,  and  produces  under  these  circumstances  two 
measures  of  carbonic  acid.  Whence  it  is  evident  that  it  contains  twice 
its  own  volume  of  hydrogen,  combined  with  twice  as  much  carbon  as 
in  marsh-gas. 

By  weight,  these  proportions  will  be  12  parts  carbon,  and  2  parts 
hydrogen. 

Olefiant  gas  is  decomposed  by  passing  it  through  a  tube  heated  to 
bright  redness  ;  a  deposit  of  charcoal  and  tar  takes  place,  and  the  gas 
becomes  converted  into  light  carbonetted  hydrogen,  or  even  into  ft-ee 
hydrogen,  if  the  temperature  be  very  high.  This  latter  change  is 
of  course  attended  by  increase  of  volume. 

Chlorine  acts  upon  olefiant  gas  in  a  very  remarkable  manner. 
When  the  two  bodies  are  mixed,  even  in  the  dark,  they  combine  in 
equal  measures,  and  give  rise  to  a  heavy  oily  liquid,  of  sweetish  taste 
and  ethereal  odour,  to  which  the  name  chloride  of  hydrocarbon,  or 
Dutch  liquid,*  is  given.  It  is  from  this  peculiarity  that  the  term 
olefiant  gas  is  derived. 

A  pleasing  and  instructive  experiment  may  also  be  made  by  mixing 
in  a  tall  jar  two  measures  of  chlorine  and  one  of  olefiant  gas,  and  then 
quickly  applying  a  light  to  the  mouth  of  the  vessel.  The  chlorine 
and  hydrogen  unite  with  flame,  which  passes  quickly  down  the  jar, 
while  the  whole  of  the  carbon  is  set  free  in  the  form  of  a  thick  black 
smoke. 

Coal  and  Oil  Gases. — The  manufacture  of  coal-gas  is  at  the  present 
moment  a  branch  of  industry  of  great  interest  and  importance  in  seve- 
ral points  of  view.  The  process  is  one  of  great  simplicity  of  principle, 
but  requires,  in  practice,  some  delicacy  of  management  to  yield  a  good 
result. 

When  pit-coal  is  subjected  to  destructive  distillation,  a  variety  of 
products  show  themselves ;  permanent  gases,  steam,  and  volatile 
oils,  besides  a  not  inconsiderable  quantity  of  ammonia  from  the 
nitrogen  always  present  in  the  coal.  These  substances  vary  very 
much  in  their  proportions  with  the  temperature  at  which  the  process 

*  CjH^GI. 
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is  conducted,  the  permanent  gases  becoming  more  abundant  with  in- 
creased lieat,  but  at  the  same  time  losing  much  of  their  value  for  the 
purposes  of  illumination. 

The  coal  is  distilled  in  cast-iron  retorts,  maintained  at  a  bright  red 
heat,  and  the  volatilized  products  conducted  into  a  long  horizontal 
pipe  of  large  dimensions,  always  half  filled  with  liquid,  into  which 
the  extremity  of  each  separate  tube  dips  ;  this  is  called  the  hydraulic 
main.  The  gas  and  its  accompanying  vapours  are  next  made  to  tra- 
verse a  refi'igerator,  usually  a  series  of  iron  pipes,  cooled  on  the  outside 
by  a  stream  of  water ;  here  the  condensation  of  the  tar  and  ammoni- 
acal  liquid  becomes  complete,  and  the  gas  proceeds  onwards  to  another 
part  of  the  apparatus,  in  which  it  is  to  be  deprived  of  the  sulphuretted 
hydrogen  and  carbonic  acid  gases  always  present  in  the  crude  pro- 
duct. This  is  generally  elFected  by  hydrate  of  lime,  which  readily 
absorbs  the  compounds  in  question.  The  purifiers  are  large  iron 
vessels,  partly  filled  with  a  mixture  of  hydrate  of  lime  and  water,* 
in  which  a  churning  machine  or  agitator  is  kept  in  constant  motion 
to'prevent  the  subsidence  of  the  lime.  The  gas  is  admitted  at  the 
bottom  of  the  vessel  by  a  great  number  of  minute  apertures,  and  is 
thus  made  to  present  a  large  sur-face  of  contact  to  the  purifying  liquid. 
The  last  part  of  the  operation,  which  indeed  is  often  omitted,  consists 
in  passing  the  gas  through  dilute  sulphuric  acid,  in  order  to  remove 
ammonia.  The  quantity  thus  separated  is  very  small,  relatively  to 
the  bulk  of  the  gas,  but  in  an  extensive  work  becomes  an  object  of 
importance. 

Coal-gas  thus  manufactured  and  purified  is  preserved  for  use  in  im- 
mense cylindrical  receivers,  closed  at  the  top,  suspended  in  tanks  of 
water  by  chains  to  which  counterpoises  are  attached,  so  that  the  gas- 
holders rise  and  sink  in  the  liquid  as  they  become  filled  from  the 
purifiers  or  emptied  by  the  mains.  These  latter  are  made  of  large 
diameter,  to  diminish  as  much  as  possible  the  resistance  experienced 
by  the  gas  in  passing  through  such  a  length  of  pipe.  The  joints  of 
these  mains  are  still  made  in  such  an  imperfect  manner,  that  immense 
loss  is  experienced  by  leakage  when  the  pressm-e  upon  thegas  at  the 
works  exceeds  that  exerted  by  a  column  of  water  an  inch  irheight.f 

Coal-gas  varies  very  much  in  composition,  judging  from  itsvai-iable 
density  and  illuminating  power,  and  from  the  analyses  which  have 

*  A  mixture  of  sulphate  of  lime  and  hydrated  sesquinoxide  of  iron  is  like- 
wise frequently  employed. 

f  It  may  give  some  idea  of  the  extent  of  this  species  of  manufacture  to  men- 
tion, that  m  the  year  1838,  for  lighting  London  and  the  suburbs  alone  there 
were  eighteen  pubUc  gas-works,  and  £2,800,000  invested  in  pipes  and  apparatus 
The  yearly  revenue  amounted  to  £450,000,  and  the  consiunption  of  coal  in  the 
same  penod  to  180,000  tons,  1,460  millions  of  cubic  feet  of  gas  being  made  in 
the  year.  There  were  134,300  private  lights,  and  30,400  street  laips.  890 
tons  of  coal  were  used  m  the  retorts  m  the  space  of  twenty-four  hours  at  mid- 
winter, and  7,120,000  cubic  feet  of  gas  consumed  in  the  longest  night  — Dr  Ure 
Dictionary  of  Arts  and  Manufactures.  Since  that  tune  the  production  of  gas 
has  been  very  considerably  Increased. 
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been  made.  The  difficulties  of  such  investigations  are  very  great,  and 
unless  particular  precaution  be  taken,  the  results  are  merely  approxi- 
mative. The  purified  gas  is  believed  to  contain  the  following  sub- 
stances, of  which  the  first  is  most  abundant,  and  the  second  most 
valuable  : — 

Light  carbonetted  hydrogen. 

Olefiant  gas. 

Hydrogen. 

Carbonic  oxide. 

Nitrogen. 

"Vapours  of  volatile  liquid  carbides  of  hydrogen.* 
Vapom-  of  bisulphide  of  carbon. 

Separated  by  Condensation  and  by  the  Purifiers. 
Tar  and  volatile  oils. 

Sulphate  of  ammonia,  chloride  and  sulpliide  of  ammonium. 
Sulphuretted  hydrogen. 
Carbonic  acid. 

Hydrocyanic  acid,  or  cyanide  of  ammonium. 

A  very  far  better  illuminating  gas  may  be  prepared  from  oil,  by 
dropping  it  into  a  red-hot  iron  retort  filled  with  coke ;  the  liquid  is  in 
great  part  decomposed  and  converted  into  permanent  gas,  which  re- 
quires no  purification,  as  it  is  quite  free  from  the  ammoniacal  and 
sulphur  compounds  which  vitiate  the  gas  from  coal.  A  few  years  ago 
this  article  was  prepared  in  London ;  it  was  compressed  for  the  use  of 
the  consumer  into  strong  iron  vessels,  to  the  extent  of  30  atmospheres  ; 
these  were  furnished  with  a  screw-valve  of  peculiar  construction,  and 
exchanged  for  others  when  exhausted.  The  comparative  high  price  of 
the  material,  and  other  circumstances,  led  to  the  abandonment  of  the 
imdertakiug. 

COMBUSTION,  AND  THE  STRUCTURE  OF  FLAME. 

When  any  solid  substance,  capable  of  bearing  the  fire,  is  heated  to  a 
certain  point,  it  emits  light,  the  character  of  which  depends  upon  the 
temperatm-e.  Thus,  a  bar  of  platinum  or  a  piece  of  porcelain  raised 
to  a  particular  temperature,  become  what  is  called  red-hot,  or  emissive 
of  red  light :  at  a  higher  degree  of  heat  this  light  becomes  whiter  and 
more  intense,  and  when  urged  to  the  utmost,  as  in  the  case  of  a  piece 
of  lime  placed  in  the  flame  of  the  osyhydrogen  blowpipe,  the  light 
becomes  exceedingly  powerful,  and  acquires  a  tint  of  violet.  Bodies 
in  these  states  are  said  to  be  incandescent  or  ignited. 

Again,  if  the  same  experiment  be  made  on  a  piece  of  charcoal, 

*  These  bodies  increase  the  illuminating  power,  and  confer  on  the  gas  its 
peculiar  odour. 
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similar  effects  -will  be  observed,  but  something  in  addition;  for 
whereas  the  platinum  or  porcelain,  when  removed  from  the  fire,  or 
the  lime  from  the  blowpipe  flame,  begin  immediately  to  cool,  and 
emit  less  and  less,  light,  until  they  become  completely  obscure,  the 
charcoal  maintains  to  a  great  extent  its  high  temperature.  Unlike 
the  other  bodies,  too,  which  suffer  no  change  whatever,  either  of  weight 
or  substance,  the  charcoal  gradually  wastes  away  until  it  disappears. 
This  is  what  is  called  combustion,  in  contradistinction  to  mere  igni- 
tion ;  the  charcoal  burns,  and  its  temperature  is  kept  up  by  the  heat 
evolved  in  the  act  of  union  with  the  oxygen  of  the  air. 

In  the  most  general  sense,  a  body  in  a  state  of  combustion  is '  one 
in  the  act  of  undergoing  intense  chemical  action  :  any  chemical  action 
whatsoever,  if  its  energy  rise  sufficiently  high,  may  produce  the  phe- 
nomenon of  combustion,  by  heating  the  body  to  such  an  extent  that  it 
becomes  luminous. 

In  all  ordinary  cases  of  combustion,  the  action  lies  between  the 
burning  body  and  the  oxygen  of  the  air ;  and  since  the  materials 
employed  for  the  economical  production  of  heat  and  light  consist  of 
carbon  chiefly,  or  that  substance  conjoined  with  a  certain  proportion 
of  hydrogen  and  oxygen,  all  common  effects  of  this  nature  are  cases  of 
the  rapid  and  violent  oxidation  of  carbon  and  hydrogen  by  the  aid  of 
the  free  oxygen  of  the  air.  The  heat  must  be  referred  to  the  act  of 
chemical  union,  and  the  light  to  the  elevated  temperature. 

By  this  principle  it  is  easy  to  understand  the  means  which  must  be 
adopted  to  increase  the  heat  of  ordinary  fires  to  the  point  necessary  to 
melt  refractory  metals,  and  to  bring  about  certain  desired  effects  of 
chemical  decomposition.  If  the  rate  of  consumption  of  the  fuel  can 
be  inci'eased  by  a  more  rapid  introduction  of  air  into  the  bm-ning 
mass,  the  intensity  of  the  heat  will  of  necessity  rise  in  the  same  ratio, 
there  being  reason  to  believe  that  the  quantity  of  heat  evolved  is  fixed 
and  definite  for  the  same  constant  quantity  of  chemical  action.  This 
increased  supply  of  air  may  be  effected  by  two  distinct  methods  :  it 
may  be  forced  into  the  fire  by  bellows  or  blowing  machines,  as  in  the 
common  forge,  and  in  the  blast  and  cupola-fm-naces  of  the  iron-worker, 
or  it  may  be  drawn  through  the  burning  materials  by  the  help  of  a 
tall  chimney,  the  fireplace  being  closed  on  all  sides,  and  no  entrance 
of  air  allowed,  save  between  the  bai's  of  the  grate.  Such  is  the  kind 
of  furnace  generally  employed  by  the  scientific  chemist  in  assaying 
and  in  the  reduction  of  metallic  oxides  by  charcoal ;  the  principle  will 
be  at  once  understood  by  the  aid  of  the  sectional  drawing,  in  which  a 
crucible  is  represented,  arranged  in  the  fire  for  an  operation  of  the 
kind  mentioned.    (Fig.  103.) 

The  "  reverberatory  "  furnace  is  one  veiy  much  used  in  the  arts 
when  substances  are  to  be  exposed  to  heat  without  contact  with  the 
fuel.  The  fire-chamber  is  separated  from  the  bed  or  hearth  of  the 
furnace  by  a  low  wall  or  bridge  of  brick-work,  and  the  flame  and 
heated  air  are  reflected  downwards  by  the  arched  form  of  the  roof. 
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Any  degree  of  heat  can  be  obtained  in  a  furnace  of  this  kind,  from  the 
temperature  of  dull  redness,  to  that  required  to  melt  very  large  quan- 
tities of  cast-iron.  The  fire  is  iiiged  by  a  chimney,  provided  with  a 
sliding-plate  or  damper  to  regulate  the  draught.  • 


Solids  and  liquids,  as  melted  metal,  enjoy,  when  sufficiently  heated, 
the  faculty  of  emitting  light ;  the  same  power  is  possessed  by  gaseous 
bodies,  but  the  temperature  required  to  render  a  gas  luminous  is 
incomparably  higher  than  in  the  cases  already  described.  Gas  or 
vapoui-  in  this  condition  constitutes  flame,  the  actual  temperature  of 
which  generally  exceeds  that  of  the  white  heat  of  solid  bodies. 

The  light  emitted  ffom  pm'e  flame  is  exceedingly  feeble ;  illuminat- 
ing power  is  almost  entirely  dependent  upon  the  presence  of  solid 
matter.  The  flame  of  hydrogen,  or  of  the  mixed  gases,  is  scarcely 
visible  in  full  daylight ;  in  a  dusty  atmosphere,  however,  it  becomes 
much  more  luminous  by  igniting  to  intense  whiteness  the  floaiing 
particles  with  which  it  comes  in  contact.  The  piece  of  lime  in  the 
blowpipe  flame  cannot  have  a  higher  temperature  than  that  of  the 
flame  itself;  yet  the  light  it  throws  off  is  infinitely  greater. 

Flames  burning  in  the  air,  and  not  supplied  with  oxygen  from 
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Fig.  105. 


Now  this 


Fig.  106. 


another  source,  are,  as  already  stated,  hollow ;  the  chemical  action  is 
necessarily  confined  to  the  spot  where  the  two  bodies 
unite.  That  of  a  lamp  or  candle,  when  carefully  ex- 
amined, is  seen  to  consist  of  three  separate  portions.  The 
dai-k  central  part,  easily  rendered  evident  by  depressing 
upon  theflamea  piece  of  fine  wire-gauze,  consists  of  com- 
bustible matter  drawn  up  by  the  capillarity  of  the  wick, 
and  volatilized  by  the  heat.  This  is  surrounded  by  a 
highly-luminous  cone  or  envelope,  which,  in  contact 
with  a  cold  body,  deposits  soot.  On  the  outside  a 
second  cone  is  to  be  traced,  feeble  in  its  light-giving 
power,  but  having  an  exceedingly  high  temperature. 
The  explanation  of  these  appeai-ances  is  easy :  carbon 
and  hydrogen  are  very  unequal  in  their  attraction  for 
oxygen,  the  latter  greatly  exceeding  the  former  in  this 
respect ;  consequently,  when  both  are  present,  and 
the  supply  of  oxygen  limited,  the  hydrogen  takes 
all,  to  the  exclusion  of  a  great  part  of  the  carbon, 
happens  in  the  case  under  consideration  at  some  little  distance  within 
the  outer  surface  of  the  flame,  namely,  in  the  luminous  portion  ;  the 
little  oxygen  which  has  penetrated  thus  far  in- 
wards is  entirely  consumed  by  the  hydrogen, 
and  the  particles  of  deposited  charcoal,  which 
would,  were  they  cooler,  form  smoke,  become 
intensely  ignited  by  the  burning  hydrogen,  and 
evolve  a  light  whose  whiteness  marks  a  very 
elevated  temperature.  In  the  exterior  and 
scarcely-visible  c6ne,  these  particles  of  carbon 
imdergo  combustion. 

A  jet  of  coal-gas  exhibits  these  phenomena  ; 
but,  if  the  gas  be  previously  mingled  with  air, 
or  if  air  be  forcibly  mixed  with,  or  driven  into 
the  flame,  no  such  separation  of  carbon  occurs, 
the  hydrogen  and  carbon  burn  together,  and 
the  illuminating  power  almost  disappears. 

The  common  mouth  blowpipe  is  a  little  in- 
strument of  great  utility;  it  is  merely  a  brass 
tube  fitted  with  an  ivoiy  mouth-piece,  and  ter- 
minated by  a  jet,  having  a  small  aperture  by 
which  a  current  of  air  is  driven  across  the  flame 
of  a  candle.  The  best  form  is  perhaps  that  con- 
trived by  Mr.  Pepys,  and  figured  in  the  margin. 
The  flame  so  produced  is  very  peculiar. 

Instead  of  the  double  envelope  just  de- 
scribed, two  long  pointed  cones  are  observed, 
which,  when  the  blowpipe  is  good,  and  the 
aperture  smooth  and  round,  are  very  well  defined,  the  outer  cone 
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being  yellowish,  and  the  inner  blue.  A  double  combustion  is,  in 
fact,  going  on,  by  the  blast  in  the  inside,  and  by  the  external  air. 

The  space  between  the  inner  and 
outer  cones  is  filled  with  exceed- 
ingly hot  combustible  matter,  pos- 
sessing strong  reducing  or  deoxidiz- 
ing-powers,  while  the  highly-heated 
air  just  beyond  the  point  of  the 
exterior  cone  oxidizes  with  great 
facility.  A  small  portion  of  matter, 
supported  on  a  piece  of  charcoal,  or 
fixed  in  a  ring  at  the  end  of  a  fine 
platinum  wire,  can  thus  in  an  in- 
stant be  exposed  to  a  veiy  high  de- 
gree of  heat  under  these  contrasted 
circumstances,  and  observations  of  great  value  made  in  a  very  short 
time.  The  use  of  the  instrument  requires  an  even  and  uninterrupted 
blast  of  some  duration,  by  a  method  easily  acquired  with  a  little 
patience  ;  it  consists  in  employing  for  the  purpose  the  muscles  of  the 
cheeks  alone,  respiration  being  conducted  through  the  nostrils,  and 
the  mouth  from  time  to  time  replenished  with  air  without  intermission 
of  the  blast. 

The  Argand  lamp,  adapted  to  burn  either  oil  or  spirit,  but  espe- 
cially the  latter,  is  a  very  useful  piece  of  chemical  apparatus.  In  this 
lamp  the  wick  is  cylindi-ical,  the  flame  being  supplied  with  air  both 
inside  and  outside  :  the  combustion  is  greatly  aided  by  the  chimney, 
which  is  made  of  copper  when  the  lamp  is  used  as  a  source  of  heat. 


Fig.  109. 


The  accompanying  drawing  exhibits,  in  section,  an  excellent  lamp  of 
this  kind  for  burning  alcohol  or  wood-spirit.  It  is  constructed  ot  tlun 
copper,  and  furnished  with  ground  caps  to  the  wick-holder  and  apei- 
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ture*  by  which  the  spirit  is  introduced,  in  order  to  prevent  loss  when 
the  lamp  is  not  in  use.  Glass  spirit-lamps,  fitted  with  caps  to  prevent 
evaporation,  ai-e  very  convenient  for  occasional  use,  being  always  ready 
and  in  order.  . 

In  London,  and  other  large  towns,  where  coal-gas  is  to  be  had,  it 
is  constantly  used  with  the  greatest  economy  and  advantage  in  every 
respect  as  a  source  of  heat.  Retorts, 
flasks,  capsules,  and  other  vessels,  can 
be  thus  exposed  to  an  easily-regulated 
and  invariable  temperature  for  many  suc- 
cessive hours.  Small  platinum  crucibles 
may  be  ignited  to  redness  by  placing  them 
over  the  flame  on  a  little  wire  triangle. 
The  arrangement  shown  consisting  of  a 
common  Argand  gas-burner  fixed  on  a 
heavy  and  low  foot,  and  connected  with  a 
flexible  tube  of  caoutchouc  or  other  ma- 
terial, leaves  nothing  to  desire. 

The  Ijindlmg-point,  or  temperature  at 
which  combustion  commences,  is  very 
dilFerent  with  different  substances :  phos- 
phorus will  sometimes  take  fire  in  the 
hand ;  sulphur  requires  a  temperature  exceeding  that  of  boiling 
water,  charcoal  must  be  heated  to  redness.  Among  gaseous  bodies 
the  same  fact  is  observed :  hydrogen  is  inflamed  by  a  red-hot  wire ; 
carbonetted  hydrogen  requires  a  white  heat  to  effect  the  same  thing. 
When  flame  is  cooled  by  any  means  below  the  temperature  at  which 
the  rapid  oxidation  of  the  combustible  gas  occurs,  it  is  at  once  extin- 
guished. Upon  this  depends  the  principle  of  Sir  H.  Davy's  invaluable 
safety-lamp. 

Mention  has  already  been  made  of  the  frequent  disengagement  ot 
gi'eat  quantities  of  light  cai-bonetted  hydrogen  gas  in  coal-mines.  This 
gas,  mixed  with  seven  or  eight  times  its  volume  of  atmospheric  air,  be- 
comes highly  explosive,  taking  fire  at  a  light,  and  burning  with  a  pale- 
blue  flame  ;  and  many  fearful  accidents  have  occurred  from  the  ignition 
of  large  quantities  of  mixed  gas  and  air  occupying  the  extensive  galleries 
and  workings  of  a  mine.  Sir  H.  Davy  undertook  an  investigation  with 
a  view  to  discover  some  remedy  for  this  constantly-occurring  calamity  : 
his  labours  resulted  in  some  exceedingly-important  discoveries  respect- 
ing flame,  of  which  the  substance  has  been  given,  and  which  led  to  the 
construction  of  the  lamp  which  beai's  his  name. 

When  two  vessels  filled  with  a  gaseous  explosive  mixture  are  con- 
nected by  a  narrow  tube,  and  the  contents  of  one  fired  by  the  electric 
spark,  or  otherwise,  the  flame  is  not  communicated  to  the  other,  pro- 

*  When  in  use  this  aperture  must  always  be  open,  otherwise  an  accident  is 
sure  to  happen  ;  the  heat  expands  the  air  in  the  lamp,  and  the  spirit  is  forced 
out  iu  a  state  of  inflammation. 

N 
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vided  the  diameter  of  the  tube,  its  length,  and  the  conducting  power 
for  heat  of  its  material,  bear  a  certain  proportion  to  each  other ;  the 
flame  is  extinguished  by  cooling,  and  its  transmission  rendered  im- 
possible. 

In  this  experiment  high  conducting  power  and  diminished  diameter 
compensate  for  diminution  of  length  ;  and  to  such  an  extent  can  this 
be  carried,  that  metallic  gauze,  which  may  be  looked  upon  as  a  series 
of  very  short  square  tubes  arranged  side  by  side,  arrests  in  the  most 
complete  manner  the  passage  of  flame  in  explosive  mixtures,  when  of 
sufficient  degree  of  fineness,  depending  upon  the  inflammability  of  the 
gas.  Most  providentially  the  fire-damp  mixture  has  an  exceedingly 
high  kindling  point ;  a  red  heat  does  not  cause  inflammation ;  conse- 
quently, the  gauze  will  be  safe  for  this  substance,  when  flame  would 
pass  in  almost  any  other  case. 

The  miner's  safety-lamp  is  merely  an  ordinary  oil-lamp,  the  flame  of 
which  is  enclosed  in  a  cage  of  wire-gauze  ;  made  double  at  the  upper 
part,  containing  about  400  apertures  to  the  square 
inch.  The  tube  for  supplying  oil  to  the  reservoir 
reaches  nearly  to  the  bottom  of  the  latter,  while 
the  wick  admits  of  being  trimmed  by  a  bent  wire 
passing  with  friction  through  a  small  tube  in  the 
body  of  the  lamp ;  the  flame  can  thus  be  kept 
buruing  for  any  length  of  time,  without  the  neces- 
sity of  unscrewing  the  cage.  When  this  lamp  is 
talven  into  an  explosive  atmosphere,  although  the 
fire-damp  may  burn  within  the  cage  with  such 
energy  as  sometimes  to  heat  the  metallic  tissue  to 
dull  redness,  the  flame  is  not  communicated  to  the 
mixture  on  the  outside. 

These  effects  may  be  conveniently  studied  by 
suspending  the  lamp  in  a  large  glass  jar,  and  gra- 
dually admitting  coal-gas  below.  The  oil-flame  is 
at  first  elongated,  and  then,  as  the  proportion  of 
gas  increases,  extinguished,  while  the  interior  of 
the  gauze  cylinder  becomes  filled  with  the  burning 
mixture  of  gas  and  air.  As  the  atmosphere  be- 
comes purer,  the  wick  is  once  more  relighted. 
These  appearances  are  so  remarkable,  that  the  lamp 
becomes  an  admirable  indicator  of  the  state  of  the 
air  in  different  parts  of  the  mine.* 
The  same  great  principle  has  been  ingeniously  applied  by  Mr. 

*  This  is  the  true  use  of  the  lamp,  namely,  to  permit  the  viewer  or  superin- 
lendent,  without  risk  to  himself,  to  examine  the  state  of  (he  air  In  every  part 
of  the  mine ;  not  to  enable  worlcraen  to  continue  their  labours  in  an  atmo- 
sphere habitually  explosive,  which  must  be  unfit  for  human  respiration,  aithough 
the  evil  effects  may  be  slow  to  appear.  Owners  of  coal-mines  should  he  com- 
pelled cither  to  adopt  efficient  means  of  ventilation,  or  to  close  workmgs  of  this 
dangerous  character  altogether. 
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Hemming  to  the  construction  of  the  oxyhydrogen  safety-jet  before- 
mentioned.  This  is  a  tube  of  brass  about  four  mches  long  hlled  w.tl, 
straio-ht  pieces  of  fine  brass  wire,  the  whole  being  tightly  wedged 
together  by  a  pointed  rod,  forcibly  driven  mto  the  centre  of  the 
bundle.  The  arrangement  thus  presents  a  series  of  metallic  tubes,  vei  y 
long  in  proportion  to  their  diameter,  the  cool- 
ing'^powers  of  which  are  so  great  as  to  prevent 
the  possibility  of  the  passage  of  flame,  even 
with  oxygen  and  hydrogen.  The  jet  may  be 
used,  as  before  mentioned,  with  a  common 
bladder,  without  a  chance  of  explosion.  The 
fundamental  fact  of  flame  being  extinguished 
by  contact  with  a  cold  body,  may  be  elegantly 
shown  by  twisting  a  copper  wire  into  a  short 
spiral,  about  0-1  inch  in  diameter,  and  then 
passing  it  cold  over  the  flame  of  a  wax  candle  ; 
the  latter  is  extinguished.  If  the  spiral  be 
now  heated  to  redness  by  a  spirit-lamp,  and 
the  experiment  repeated,  no  such  efi'ect  fol- 
lows. 

Fig.  113. 


NITROGEN  AND  HYDROGEN;  AMMONIA. 

When  powdered  sal-ammoniac  is  mixed  with  moist  hydrate  of  lime, 
and  gently  heated  in  a  gas-flask,  a  large  quantity  of  gaseous  matter  is 
disengagecl,  which  must  be  collected  over  mercury,  or  by  displacement, 
advantage  being  taken  of  its  low  specific  gravity. 

Ammoniacal  gas  thus  obtained  is  colourless ;  it  has  a  very  powerfully- 
pungent  odour,  and  a  strongly-alkaline  reaction  to  test-paper,  by  which 
it  may  be  at  once  distinguished  from  nearly  all  other  bodies  possessing 
the  same  physical  characters.  Under  a  pressui'e  of  6'5  atmospheres  at 
60°  (15°"5C),  ammonia  condenses  to  the  liquid  form.  Water  dissolves 
about  700  times  its  volume  of  this  remarkable  gas.  forming  a  solution 
which  in  a  more  dilute  state  has  long  been  known  under  the  name  of 
liquor  ammonicB  ;  by  heat,  a  great  part  is  again  expelled.  The  solu- 
tion is  decomposed  by  chlorine,  sal-ammoniac  being  formed,  and  nitro- 
gen set  free. 

Ammonia  has  a  density  of  0-589  ;  100  cubic  inches  weigh  18-26 
grains.  It  cannot  be  formed  by  the  direct  union  of  its  elements, 
although  it  is  sometimes  produced  under  rather  remarkable  circum- 
stances by  the  deoxidation  of  nitric  acid.    The  great  sources  of  am- 
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monia  are  the  feebly-compounded  azotizcd  principles  of  the  animal  and 
vegetable  kingdoms,  which,  when  left  to  putrefactive  change,  or  sub- 
jected to  destructive  distillation,  almost  invariably  give  rise  to  an 
abundant  production  of  tliis  substance. 

The  analysis  of  ammoniacal  gas  is  easily  effected.  When  a  portion 
is  confined  in  a  graduated  tube  over  mercury,  and  electric  sparks 
passed  through  it  for  a  considerable  time,  the  volume  of  the  gas  gra- 
dually increases  until  it  becomes  doubled.  On  examination,  the  tube 
is  found  to  contain  a  mixture  of  3  measures  hydrogen  gas  and  1  mea- 
sure nitrogen.  Every  two  volumes  of  the  ammonia,  therefore,  con- 
tained three  volumes  of  hydrogen  and  one  of  niti-ogen,  the  whole 
being  condensed  to  the  extent  of  one-half.  The  weight  of  the  two 
constituents  will  be  in  the  proportion  of  3  parts  hydrogen  to  14  parts 
nitrogen. 

Ammonia  may  also  be  decomposed  into  its  elements  by  transmission 
through  a  red-hot  tube. 

Solution  of  ammonia  is  a  very  valuable  reagent,  and  is  employed  in 
a  great  number  of  chemical  operations,  for  some  of  which  it  is  neces- 
sary to  have  it  perfectly  pure.  The  best  mode  of  preparation  is  the 
following : — 

Equal  weights  of  sal-ammoniac  and  quicklime  are  taken  ;  the  lime 
is  slaked  in  a  covered  basin,  and  the  salt  reduced  to  powder.  These 
are  mixed  and  introduced  into  the  flask  employed  in  prepai-ing  solution 
of  hydrochloric  acid,  together  with  just  enough  water  to  damp  the 
mixture,  and  cause  it  to  aggregate  into  lumps ;  the  rest  of  the  appara- 
tus is  arranged  exactly  as  in  the  former  Ciise,  with  an  ounce  or  two  of 
water  in  the  wash-bottle,  or  enough  to  cover  the  ends  of  the  tubes, 
and  the  gas  conducted  afterwards  into  pure  distilled  water,  artificially 
cooled  as  before.  The  cork-joints  are  made  tight  with  wax,  a  little 
water  is  put  into  the  safety-funnel,  heat  cautiously  applied  to  the 
flask,  and  the  whole  left  to  itself.  The  disengagement  of  ammonia  is 
very  regular  and  uniform.  Chloride  of  calcium,  with  excess  of  hydrate 
of  lime,  remains  in  the  flask. 

The  decomposition  of  the  salt  is  usually  represented  in  the  manner 
shown  by  the  following  diagram  : — 

I Ammonia  -Ammonia. 
Hydrochloric  /  Hydrogen—  ^  ,  ^  Water, 
acid    .      \  Chlorine 


T .  f  Oxygen  — 

I^""*^    •     •    (calcium  Chloride  of 


calcium. 


*  See  Fig.  99,  p.  153. 
NH4CI  + 

Sal-ammoniac.  Lime.       Ammonia.         Chloride  of 

Calcium. 
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Solution  of  ammonia  should  be  perfectly  colourless,  leave  no  re- 
sidue on  evaporation,  and  when  supersatm-ated  by  nitric  acid,  give  no 
cloud  or  muddiness  with  nitrate  of  silver.  Its  density  diminishes 
with  its  strength,  that  of  the  most  concentrated  being  about  0*875  : 
the  value  in  alkali  of  auy  sample  of  liquor  ammoniac  is  most  safely 
inferred,  not  fi-om  a  knowledge  of  its  density,  but  from  the  quantity 
of  acid  a  given  amount  will  saturate.  The  mode  of  conducting  this 
experiment  will  be  found  described  under  Alkalimetry. 

When  solution  of  ammonia  is  mixed  with  acids  of  various  kinds, 
salts  are  generated,  which  resemble  in  the  most  complete  manner  the 
corresponding  compounds  of  potassa  and  soda :  these  are  best  dis- 
cussed in  connexion  with  the  latter.  Any  ammoniacal  salt  can  at 
once  be  recognized  by  the  evolution  of  ammonia  when  it  is  heated 
with  hydrate  of  lime,  or  solution  of  carbonate  of  potassa  or  soda. 

NITROGEN  AND  BORON. 

A  combination  of  nitrogen  with  boron  was  first  obtained  by  Bal- 
main.  Woehler  prepared  it  by  mixing  one  part  of  pure  dry  borax 
with  two  parts  of  dry  sal-ammoniac,  heating  to  redness,  boiling 
with  water  and  hydrochloric  acid,  filtering  and  washing  with  hot 
water,  when  the  compound  remained  in  the  form  of  a  white  powder. 
As  yet  it  has  not  been  obtained  quite  free  from  oxygen. 


SDLPHCTR,  SELENIUM,  AND  PHOSPHORUS  WITH  HYDROGEN. 

Sulphuretted  Hydrogen  ;  Hydrosulphuric  Acid. — There  are  two 
methods  by  which  this  important  compound  can  be  readily  prepared, 
namely,  by  the  action  of  dilute  sulphuric  acid  upon  sulphide  of  iron, 
and  by  the  decomposition  of  sulphide  of  antimony  by  hydrochloric 
acid.  The  first  method  yields  it  most  easily,  and  the  second  in  the 
purest  state. 

Protosulphide  of  iron  is  put  into  the  apparatus  for  hydrogen,  already 
several  times  mentioned,  together  with  some  water,  and  oil  of  vitriol 
is  added  by  the  funnel,  until  a  copious  disengagement  of  gas  takes 
place.  This  is  to  be  collected  over  tepid  water.  The  reaction  is  thus 
explained : — 


Sulphide  of  iron|j|:'^P^'^i'  ^^-^  Sulphuretted  hydrogen. 


Water    .       .  /Hydrogen 
\  Oxygen  ■ 

Sulphuric  acid  -=^Sulphate  of  protoxide  of 


iron. 


FeS     +     HO.SOj    =    HS     +  FeO.SOg 

Sulphide  Sulphuric  Sulphuretted  Sulphate 
of  iron.  acid.  hydrogen,    of  protoxide 

of  iron. 
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By  the  other  plan,  finely-powdered  sulphide  of  antimony  is  put 
into  a  flask,  to  which  a  cork  and  bent  tube  can  be  adapted,  and 
strong  liquid  hydrochloric  acid  poured  upon  it.  On  the  application  of 
heat,  a  double  interchange  occurs  between  the  bodies  present,  sul- 
phuretted hydrogen  being  fomed  and  chloride  of  antimony.  The 
action  only  lasts  while  the  heat  is  maintained. 

Hydrochloric  acid  /   —^Sulphuretted  hydro- 

•'  Chlonne      ^^.^^^  gen. 

Sulphide  of  anti-  ]  Sulphur  "'^--.,„,^ 

mony.    .    .     \  Antimony  — Chloride  of  antimony.* 

Sulphuretted  hydrogen  is  a  colourless  gas,  having  the  odour  of  pu- 
trid eggs ;  it  is  most  offensive  when  in  small  quantity,  when  a  mere 
trace  is  present  in  the  air.  It  is  not  irritating,  but,  on  the  contrary, 
powerfully  narcotic.  When  set  ou  fire,  it  burns  with  a  blue  flame, 
producing  water  and  sulphurous  acid  when  the  supply  of  air  is  abun- 
dant ;  and  depositing  sulphur  when  the  oxygen  is  deficient.  Mixed 
with  chlorine,  it  is  instantly  decomposed,  with  separation  of  the 
whole  of  the  sulphur-. 

This  gas  has  a  specific  gravity  of  1*171  ;  100  cubic  inches  weigh 
36  •  33  grains. 

A  pressure  of  17  atmospheres  at  50°  (10°C)  reduces  it  to  the  liquid 
form.  Cold  water  dissolves  its  own  volume  of  sulphuretted  hy- 
drogen, and  the  solution  is  often  directed  to  be  kept  as  a  test;  it  is 
so  prone  to  decomposition,  however,  by  the  oxygen  of  the  air,  that  it 
speedily  spoils.    A  much  better  plan  is  to  keep  a  little  apparatus  for 

generating  the  gas  always  at  hand,  and 
Fig.  114.  ready  for  use  at  a  moment's  notice.  A 

small  bottle  or  flask,  to  which  a  bit  of 
bent  tube  is  fitted  by  a  cork,  is  supplied 
with  a  little  sulphide  of  iron  and  water  ; 
ip'T'^      when  required  for  use,  a  few  drops  of 
HiW      oil  of  vitriol  are  added,  and  the  gas  is  at 
once  evolved.     The  experiment  com- 
iW|      pleted,  the  liquid  is  poured  fi-om  tlie 
I  Ml      bottle,  replaced  by  a  little  clean  water, 
^      and  the  apparatus  is  again  ready  for 
use. 

When  potassium  is  heated  in  sulphuretted  hydrogen,  the  metal 
burns  with  great  energy,  becoming  converted  into  sulphide,  while 
pure  hydrogen  remains,  equal  in  volume  to  the  original  gas.  Taking 


*J'fi_        +        3HC1       =      3HS        +  SeClj 

Tersulphide  '  Hydrochloric  Sulphuretted  Terchloride 
of  antimony.  acid.  hydiogen.      of  antimony. 
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this  fact  into  account,  and  comparing  the  density  of  the  gas  with 
those  of  hydrogen  and  sulphur-vapour,  it  appears  that  every  volume 
of  sulphuretted  hydrogen  contains  one  volume  of  hydrogen  and  ^  of 
a  volume  of  sulphur- vapour,  the  whole  condensed  into  one_  volume. 
This  corresponds  very  nearly  with  its  composition  by  weight,  de- 
termined by  other  means,  namely,  16  parts  sulphur  and  1  part  hy- 
di'ogen. 

When  a  mixture  is  made  of  100  measures  of  sulphuretted  hydrogen 
and  150  measures  of  pure  oxygen,  and  exploded  by  the  electric 
spark,  complete  combustion  ensues,  and  100  measures  of  sulphurous 
acid  gas  I'esult. 

Sulphuretted  hydrogen  is  a  frequent  product  of  the  putrefaction  of 
organic  matter,  both  animal  and  vegetable ;  it  occurs  also  in  certain 
mineral  springs,  as  at  Harrowgate,  and  elsewhere.  When  accidentally 
present  in  the  atmosphere  of  an  apartment,  it  may  be  instantaneously 
destroyed  by  a  small  quantity  of  chlorine  gas. 

There  are  few  reagents  of  greater  value  to  the  practical  chemist 
than  this  substance :  when  brought  in  contact  with  many  metallic  so- 
lutions, it  gives  rise  to  precipitates,  which  are  often  exceedingly  cha- 
racteristic in  appearance,  and  it  frequently  affords  the  means  also  of 
separating  metals  from  each  other  with  the  greatest  precision  and  cer- 
tainty. The  precipitates  spoken  of  ai'e  insoluble  sulphides,  formed 
by  the  mutual  decomposition  of  the  metallic  oxides  or  chlorides  and 
sulphuretted  hydrogen,  water  or  hydrochloric  acid  being  produced  at 
the  same  time.  All  the  metals  are,  in  fact,  precipitated  whose  sul- 
phides are  insoluble  in  water  and  in  dilute  acids. 

Sulphm-etted  hydrogen  possesses  itself  the  properties  of  an  acid ; 
its  solution  in  water  reddens  litmus  paper. 

The  best  test  for  the  presence  of  this  compound  is  paper  wetted 
with  solution  of  acetate  of  lead.  This  salt  is  blackened  by  the 
smallest  trace  of  the  gas. 

Persulphide  of  Hydrogen. — This  substance  corresponds  in  consti- 
tution and  instability  to  the  biuoxide  of  hydrogen ;  it  is  prepared  by 
the  following  means  : — 

Equal  weights  of  slaked  lime  and  flowers  of  sulphur  are  boiled  with 
5  or  6  parts  of  water  for  half  an  hour,  when  a  deep  orange-coloured 
solution  is  produced,  containing  among  other  things  persulphide  of 
calcium.  This  is  filtered,  and  slowly  added  to  an  excess  of  dilute 
sulphuric  acid,  with  constant  agitation.  A  white  precipitate  of  sepa- 
rated sulphur  and  sulphate  of  lime  makes  its  appearance,  together 
with  a  quantity  of  yellow  oily-looking  matter,  which  collects  at  the 
bottom  of  the  vessel :  this  is  persulphide  of  hydrogen.* 

If  the  expei-iment  be  conducted  by  pouring  the  acid  into  the  solu- 

'  The  reaction  which  ensues  when  Iij'drate  of  lime,  sulphur,  and  water  are 
boiled  togetlier,  is  rather  complex,  bisulphide  or  pentasulphide  of  calcium 
bein)5  formed,  together  with  liyposulphite  of  lime,  arising  from  the  transfer 
01  tlie  oxygen  of  the  decomposed  lime  to  anotlier  portion  of  sulphur. 

[2cq. 
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tion  of  sulphide,  then  nothing  but  finely-divided  jn-ecipitated  sulphur 
is  obtained. 

The  persulphide  is  a  yellow,  viscid,  insoluble  liquid,  exhaling  the 
odour  of  sulphuretted  hydrogen  :  its  specific  gravity  is  1*769.  It  is 
slowly  decomposed  even  in  the  cold  into  sulphur  and  sulphuretted 
hydi'ogen,  and  instantly  by  a  higher  temperatui-e,  or  by  contact  with 
many  metallic  oxides.  This  compound  probably  contains  twice  as 
much  sulphur  in  relation  to  the  other  elements  as  sulphuretted  hy- 
drogen.* 

Hydrogen  and  Selenium;  Selenetted  Hydrogen. — This  substance 
is  produced  by  the  action  of  dilute  sulphuric  acid  upon  selenide  of 
potassium  or  iron  :  it  very  much  resembles  sulphuretted  hydrogen, 
being  a  colourless  gas,  freely  soluble  in  water,  and  decomposing  me- 
tallic solutions  like  that  substance ;  insoluble  selenides  ai'e  thus  pro- 
duced. This  gas  is  said  to  act  very  powerfully  upon  the  lining  mem- 
brane of  the  nose,  exciting  catarrhal  symptoms,  and  destroying  the 
sense  of  smell.  It  contains  39*5  parts  selenium,  and  1  part  hy- 
drogen. 

Phosphorus  and  Hydrogen;  Phosphoretted  Hydrogen. — This  body 
bears  a  slight  analogy  in  some  of  its  chemical  relations  to  ammoniacal 
gas  ;  it  is,  however,  destitute  of  alkaline  properties. 

Phosphoretted  hydrogen  may  be  obtained  in  a  state  of  purity  by 
heating  in  a  small  retort  hydrated  phosphorous  acid,  which  is  by  such 

„  (2eq  calcium  2  eq.  bisulphide  of  calcium. 

2eq.  lune  j  2  eq.  oxygen^^,^_^— -— "'''^ 

1  eq.  lime  ^ — - 
4  eq.  sulphur  ' 

2  eq.  sulphur  -^1  eq.  hyposulphite  of  hme. 

3CaO   +     6S  =   2CaS2    +  CaO.SjO, 

Lime.     Sulphm-.  Bisulphide  Hyposulphite 
of  calcium.       of  lime. 

»  The  bisulphide  of  calcium,  decomposed  by  an  acid  under  favourable  cir- 
cumstances, yields  a  salt  of  lune  and  bisulphide  (persulphide)  of  hydrogen. 

I    eq.  bisulp.  (  2  eq.  sulphur   eq.  bisulphide  of  hy- 

calcium     \  I  eq.  calcium  ^--^  drogen. 


1  eq.  water  .    {  }  J™f  1  ^ 

Sulphuric  acid    =^^^  1  eq.  sulphate  of  lime. 

CaSj  +  HO.SOa  =  HS,  -f  CaOSOj 
Bisulphide  Sulphuric'  Bisulphide  Sulphide 
of  calcium.      acid.         of  hydrogen,   of  lime. 

When  the  acid  is  poured  into  the  sulphide,  sulphuretted  hydrogen,  water, 
and  sulphate  of  hme  are  produced,  while  the  excess  of  sulphur  is  thrown  Aovm 
as  a  fine  white  powder,  the  "precipitated  sulphur"  of  the  Pharmacopoeia. 
When  the  object  is  to  prepare  the  latter  substance,  hydrochlonc  acid  must  be 
used  m  the  place  of  sulphuric. 
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treatment  decomposed  into  phosphoretted  hydi-ogen  and  hydrated 
phosphoric  acid.* 

Thus  obtained,  the  gas  has  a  density  of  1*24.  It  contams  32  parts 
phosphorus  and  3  parts  hydrogen,  and  is  so  constituted  that  every 
two  volumes  contain  3  volumes  of  hydrogen  and  half  a  volume  of 
phosphorous  vapour,  condensed  into  two  volumes.  It  possesses  a 
highly-disagreeable  odom-  of  garlic,  is  slightly  soluble  in  water,  and 
burns  with  a  brilliant  white  flame,  forming  water  and  phosphoric 
acid. 

Phosphoretted  hydrogen  may  also  be  produced  by  boiling  together 
in  a  retort  of  small  dimensions  caustic  potassa  or  hydrate  of  lime, 
water,  and  phosphorus ;  the  vessel  should  be  filled  to  the  neck,  and 
the  extremity  of  the  latter  made  to  dip  into  the  water  of  the  pneuma- 
tic trough.  In  the  reaction  which  ensues  the  water  is  decomposed, 
and  both  its  elements  combine  with  the  phosphorus.  The  alkali  acts 
by  its  presence  determining  the  decomposition  of  the  water,  in  the 
same  manner  as  sulphuric  acid  determines  the  decomposition  of  water 
when  in  contact  with  zinc. 


Water 


Phosphorus 
Phosphorus 
Lime  -  


J  Hydrogen  

\Oxyg 


Phosphoretted  hydrogen. 


•Hypophosphite  of  lime.f 


The  phosphoretted  hydrogen  prepared  by  the  latter  process  has  the 
singular  property  of  spontaneous  inflammability  when  admitted  into 
the  air  or  into  oxygen  gas :  with  the  latter,  the  experiment  is  very 
beautiful,  but  requires  caution ;  the  bubbles  should  be  singly  admitted. 
When  kept  over  water  for  some  time,  the  gas  loses  this  property,  with- 


»  Decomposition  of  hydrated  phosphorous  acid  by  heat : 


4  eq.  hy-  [    4  eq. 
drated  I  real  acid 
phos-  < 
phorous  I   12  eq. 
acid.    I  water 


1  eq.  phosph. 
3  eq.  phosph. 
12  eq.  oxygen 
3  eq.  hydrog. 
9  eq.  hydrog. 
3  eq.  oxygen 
9  eq.  oxygen 


eq.  phosphoretted  hydro- 
gen, PHa 


(  3  eq.  phos- 1  Hydrated 
(  phoric  ac.  t  phosphoric 
9  eq.  water '  acid. 


4(3HO.P03)  = 

Hydrated 
phosphorous 
acid. 


PH3  +  3(3HO,PO,,) 
Phosphoretted  Hydrated 


hydrogen. 


phosphorous 
acid. 
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out  otherwise  suffering  any  appreciable  change;  but  if  dried  by 
chloride  of  calcium,  it  maybe  kept  unaltered  for  a  much  longer  period. 
M.  Paul  Thenard  has  shown  that  the  spontaneous  combustibility  of 
the  gas  arises  from  the  presence  of  the  vapour  of  a  liquid  phosphide  of 
hydrogen,  whicli  can  be  procured  in  small  quantity,  by  conveying  the 
gas  produced  by  the  action  of  water  on  phosphide  of  calcium  through 
a  tube  cooled  by  a  freezing  mixture.  This  substance  forms  a  colour- 
less liquid  of  high  refractive  power  and  very  great  volatility.  It  does 
not  freeze  at  0°  ( —  17''*8C).  In  contact  with  air  it  inflames  instantly, 
and  its  vapour  in  very  small  quantity  communicates  spontaneous  in- 
flammability to  pure  phosphoretted  hydrogen,  and  to  all  other  com- 
bustible gases.  It  is  decomposed  by  light  into  gaseous  phosphoretted 
hydrogen,  and  a  solid  phosphide  which  is  often  seen  on  the  inside  of 
jars  containing  gas  which  has  lost  the  property  of  spontaneous  inflam- 
mation by  exposure  to  light.  Strong  acids  occasion  its  instantaneous 
decomposition.  Its  instability  is  equal  to  that  of  binoxide  of  hydro- 
gen. It  is  to  be  observed  that  the  pure  phosphoretted  hydrogen  gas 
itself  becomes  spontaneously  inflammable  if  heated  to  the  temperatui'e 
of  boiling  water.* 

Phosphoretted  hydi'ogen  decomposes  several  metallic  solutions,  giving 
rise  to  precipitates  of  insoluble  phosphides.  With  hydriodic  acid 
it  forms  a  crystalline  compound  somewhat  resembling  sal-ammoniac. 


NITROGEN  WITH  CHLORINE  AND  IODINE. 

Chloride  of  Nitrogen. — When  sal-ammoniac  or  nitrate  of  ammonia 
is  dissolved  in  water,  and  a  jar  of  chlorine  gas  inverted  into  the  solu- 
tion, the  gas  is  absorbed,  and  a  deep-yellow  oily  liquid  is  observed 
to  collect  upon  the  surface  of  the  solution,  which  ultimately  sinks  in 
globules  to  the  bottom.  This  is  chloride  of  nitrogen,  the  most  dan- 
gei'ously-explosive  substance  known.  The  following  is  the  safest 
method  of  conducting  the  experiment :  — 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-ammoniac  in  dis- 
tilled water  is  poured  into  a  clean  basin,  and  a  bottle  of  chlorine,  the 
neck  of  which  is  quite  free  irom  grease,  inverted  into  it.  A  shallow 
and  heavy  leaden  cup  is  placed  beneath  the  mouth  of  the  bottle  to  col- 
lect the  product.  When  enough  has  been  obtained,  the  leaden  vessel 
may  be  withdrawn  with  its  dangerous  contents,  the  chloride  remaining 
covered  with  a  stratum  of  water.  The  operator  should  protect  his  face 
with  a  strong  wire-gauze  mask  when  experimenting  upon  this  sub- 
stance. 

*  Ann.  Chim.  et  Phys.  3rd  series,  xiv.  5.  According  to  M.  P  Thdnard  the 
new  liquid  phosphide  of  hydrogen  contains  PH2  iuicl  Uie  solid  PjH.  Ihe  gas 
is  represented  by  the  foimula  PH3. 
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The  change  is  explained  by  the  following  diagram  : — 

Chlorine  -—^Chloride  of  nitrogen. 

Chlorine^  ■    Hydrochloric  acid. 

i J  Nitrogen 
\  Hydrogen 
HycU-ochloric  acid  ^Hydrochloric  acid.* 

Chloride  of  nitrogen  is  very  volatile,  and  its  vapour  is  exceedingly 
instating  to  the  eyes.  It  has  a  specific  gravity  of  1*653.  It  may  be 
distilled  at  160°  (7l°-lC),  although  the  experiment  is  attended  with 
gi-eat  danger.  Between  200"  (93°-3C)  and  212°  (105'^C)  it  explodes 
with  the  most  fearful  violence.  Contact  with  almost  any  combustible 
matter,  as  oil  or  fat  of  any  kind,  determines  the  explosion  at  common 
temperatures :  a  vessel  of  porcekiin,  glass,  or  even  of  cast-iron  is 
broken  to  pieces,  and  the  leaden  cup  receives  a  deep  indentation. 
This  body  has  usually  been  supposed  to  contain  nitrogen  tmd  chlorine 
in  the  proportion  of  14  parts  of  the  former  to  106 '5  parts  of  the  latter, 
but  recent  experiments  upon  the  corresponding  iodine-compound  in- 
duce a  belief  that  it  contains  hydrogen.f 

Iodide  of  Nitrogen. — When  finely-powdered  iodine  is  put  into 
caustic  ammonia  it  is  in  part  dissolved,  giving  a  deep-brown  solution, 
and  the  residue  is  converted  into  a  black  powder,  which  is  the  sub- 
stance in  question.  The  brown  liquid  consists  of  hydriodic  acid  hold- 
ing iodine  in  solution,  and  is  easily  separated  from  the  solid  jjroduct 
by  a  filter.  The  latter  while  still  wet  is  distributed  in  small  quanti- 
ties upon  separate  pieces  of  bibulous  paper,  and  left  to  dry  in  the  air. 

Iodide  of  nitrogen  is  a  black  insoluble  powder,  which,  when  dry,  ex- 
plodes with  the  slightest  touch,  even  that  of  a  feather  ;  and  sometimes 
without  any  obvious  cause.  The  explosion  is  not  nearly  so  violent  as 
that  of  the  compound  last  described,  and  is  attended  with  the  pro- 
duction of  violet  fumes  of  iodine.  According  to  Dr.  Gladstone  this 
substance  contains  hydrogen,  and  it  may  be  viewed  as  ammonia,  in 
which  two-thirds  of  the  hydrogen  are  replaced  by  iodine  ;J  according 
to  recent  researches  of  Bunsen  it  must  be  viewed  as  a  combination  of 
teriodide  of  nitrogen  with  ammonia.§ 

*-J^^!£L  — ^Hl— ^       NCI3       +  4HC1 
Chloride  of    Chlorine.   Perchloride  of  Hydrochloric 
Ammonium.  Nitrogen.  acid. 

t  Instead  of  NCI3,  it  may  in  reality  be  NH  CI2. 

JNHal.  JNH13+NH3. 
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OTHER  COMPOUNDS  OF  NON-METALLIC  ELEMENTS. 

Chlorine  with  Sulphur  and  Fhosphoi-us. — Chloride  of  Sulphur.  

The  subchloride  is  easily  prepared  by  passing  dry  chlorine  over  the 
surface  of  sulphur  kept  melted  in  a  small  glass  retort  connected  with 
a  good  condensing  arrangement.  The  chloride  distils  over  as  a  deep 
orange-yellow  mobile  liquid,  of  peculiar  and  disagreeable  odour,  which 
boils  at  280°  (137"-8C).  As  this  substance  dissolves  both  sulphur  and 
chlorine,  it  is  not  easy  to  obtain  it  in  a  pure  and  definite  state.  It 
contains  32  parts  sulphur  and  35'5  chlorine.* 

Subchloride  of  sulphur  is  instantly  decomposed  by  water;  hydro- 
chloric and  hyposulphurous  acids  are  formed,  and  sulphur  separated. 
The  hyiDosulphurous  acid  in  its  turn  decomposes  into  sulphur  and  sul- 
phurous acid.  Protochloride  of  sulphur-  is  formed  by  exposing  the 
above  compound  for  a  considerable  time  to  the  action  of  chlorine,  and 
then  distilling  it  in  a  stream  of  the  gas.  It  has  a  deep-red  colour,  is 
heavier  than  water,  boils  at  147°  (63°-9C),  and  contains  twice  as  much 
chlorine  as  the  subcliloride.+ 

Chlorides  of  Phosphorus. — Terchloride.X — This  is  prepared  in  the 
same  manner  as  subchloride  of  sulphur,  by  gently  heating  phosphorus 
in  dry  chlorine  gas,  the  phosphorus  being  in  excess.  Or,  by  passing 
the  vapour  of  phosphorus  over  fragments  of  calomel  (subchloride  of 
mercury)  contained  in  a  glass  tube  and  strongly  heated.  It  is  a 
colourless,  tliin  liquid,  which  fumes  in  the  air,  and  possesses  a  power- 
ful and  offensive  odour.  Its  specific  gravity  is  1'45.  Thrown  into 
water,  it  sinks  to  the  bottom  of  that  liquid,  and  becomes  slowly  de- 
composed, yielding  phosphorous  acid  and  hydrochloric  acid.  This 
compound  contains  32  parts  phosphorus  and  106'5  parts  chlorine. 

Pentachloride  of  Phosphorus.^ — The  compound  formed  when  phos- 
phorus is  burned  in  excess  of  chlorine.  Into  a  large  retort,  fitted  with 
a  cap  and  stop-cock,  pieces  of  phosphorus  are  introduced ;  the  retort 
is  then  exhausted,  and  filled  with  dry  chlorine  gas.  The  phosphorus 
takes  fire,  and  burns  with  a  pale  flame,  forming  a  white,  volatile  crys- 
talline sublimate,  which  is  the  pentachloride.  It  may  be  obtained  in 
larger  quantity  by  passing  a  stream  of  dry  chlorine  gas  into  the  pre- 
ceding liquid  tercliloride,  which  becomes  graduaDy  converted  into  a 
solid  crystalline  mass.  Pentachloride  of  phosphoras  is  decomposed 
by  watei-,  yielding  phosphoric  and  hydrochloric  acids. 

Two  bromides  of  phosphorus  are  known,  closely  corresponding  in 
properties  and  constitution  with  the  chlorides.  Several  compounds  of 
iodine  and  phosphorus  appear  to  exist,  they  are  fusible  crystalline 
substances,  which  decompose  by  contact  with  water,  and  yield  hydri- 
odic  acid  and  phosphorus,  or  phosphoric  acid. 


*  S2CI. 


fSCI. 


JPCI,,. 


?  PCI3. 


NON-METALLIC  ELEMENTS. 


189 


Chlorine  and  Carfion.— Several  compounds  of  chlorine  and  carbon 
are  known.  They  are  obtained  indirectly  by  the  action  of  chlorine 
upon  certain  organic  compounds,  and  are  described  in  connexion  with 
the  history  of  alcohol,  &c. 

Iodine  loith  Sulphur  and  Phosphorus.— These  compounds  are 
foi-med  by  gently  heating  together  the  materials  in  vessels  from  which 
the  air  is  excluded.    They  present  few  points  of  interest. 

Chlorine  with  Iodine. — Iodine  readily  absorbs  chlorine  gas,  forming, 
when  the  chlorine  is  in  excess,  a  solid  yellow  compound,  and  when 
the  iodine  preponderates,  a  brown  liquid.  The  solid  iodide  is  de- 
composed by  water,  yielding  hydrochloric  and  iodic  acids.* 

Another  definite  compound  is  formed  by  heating  in  a  retort  a  mix- 
ture of  1  part  iodine  and  4  parts  chlorate  of  potassa  ;  oxygen  gas 'and 
chloride  of  iodine  are  disengaged,  and  the  latter  may  be  condensed  by 
suitable  means.  lodate  and  perchlorate  of  potassa  remain  in  the 
retort. 

This  chloride  of  iodine  is  a  yellow,  oily  liquid,  of  suffocating  smell 
and  astringent  taste ;  it  is  soluble  in  water  and  alcohol  without  de- 
composition. It  probably  consists  of  127  parts  iodine  and  35"5  pai'ts 
chlorine,  f 

Carbon  and  Sulphur. — Bisulphide  of  Carbon.'!^ — A  wide  porcelain 
tube  is  filled  with  pieces  of  chaixoal  which  have  been  recently  heated 
to  redness  in  a  covered  crucible,  and  fixed  across  a  furnace  in  a 
slightly-inclined  position.  Into  the  lower  extremity  a  tolerably  wide 
tube  is  secured  by  the  aid  of  a  cork  :  this  tube  bends  downwards,  and 
passes  nearly  to  the  bottom  of  a  bottle  filled  with  fragments  of  ice  and 
a  little  water.  The  porcelain  tube  being  heated  to  bright  redness, 
fragments  of  sulphur  are  thrown  into  the  open  end,  which  is  imme- 
diately afterwards  stopped  by  a  cork.  The  sulphur  melts,  and  becomes 
converted  into  vapom-,  which  at  that  high  temperature,  combines  with 
the  carbon,  fonning  an  exceedingly  volatile  compound,  which  is  con- 
densed by  the  ice  and  collects  at  the  bottom  of  the  vessel.  This  is  col- 
lected and  redistilled  with  a  very  gentle  heat  in  a  retort  connected  with 
a  good  condenser.  Bisulphide  of  carbon  is  a  transparent  colourless 
liquid  of  great  refractive  and  dispersive  power.  Its  density  is  1*272. 
It  boils  at  110°  (43°-3C),  and  emits  vapour  of  considerable  elasticity 
at  common  temperatures.  The  odour  of  this  substance  is  veiy  repul- 
sive. When  set  on  fire  in  the  air  it  burns  with  a  blue  flame,  forming 
carbonic  acid  and  sulphurous  acid  gases;  and  when  its  vapour  is 
mixed  with  oxygen  it  becomes  explosive. 

It  freely  dissolves  sulphur,  and  by  spontaneous  evaporation  deposits 
the  latter  in  beautiful  crystals,  it  also  dissolves  phosphorus. 

Chlorides  of  Silicium  and  Boron.— V>oi\\  silicium  and  boron  combine 
directly  with  chlorine.    The  chloride  of  silicium  is  obtained  by  mixing 


*  Hence  it  doubtless  contains  1  eq.  iodine,  and  5  eq.  chlorine  or  IClr. 
f  Or  single  equivalents.  +  CS2.  ' 
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finely-divided  silica  with  charcoal-powder  and  oil,  strongly  heating 
the  mixture  in  a  covered  crucible,  and  then  exposing  the  mass  so 
obtained  in  a  porcelain  tube,  heated  to  full  redness,  to  the  action  of 
perfectly-dry  ciilorine  gas.  A  good  condensing  arrangement,  supplied 
with  ice-cold  water,  must  be  connected  with  the  porcelain  tube.  The 
product  is  a  colourless  and  very  volatile  liquid,  boiling  at  122°  (50"C), 
of  pungent,  suffocating  odour.  In  contact  with  water  it  yields  hy- 
drochloric acid  and  gelatinous  silica.  This  substance  contains  21-3 
parts  silicium,  and  106"5  chlorine.* 

Bromide  of  Silicium -f  may  be  obtained  by  a  similar  proceeding,  the 
vapour  of  bromine  being  substituted  for  chlorine  :  it  resembles  the 
chloride,  but  is  less  volatile. 

(^iloride  of  BoronX  is  a  permanent  gas,  decomposed  by  water,  with 
production  of  boracic  and  hydrochloric  acids,  and  fuming  strongly  in 
the  air.  It  may  be  most  easily  obtained  by  exposing  to  the  action  of 
dry  chlorine  at  a  veiy  high  temperature  an  intimate  mixture  of  glassy 
boraiiic  acid  and  charcoal.  It  resembles  in  constitution  chloride  of 
silicium. 


*  Or  SiClg. 


t  SiBrg. 


+  B0CI3. 
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ON  THE  GENERAL  PRINCIPLES  OF  CHEMICAL 
PHILOSOPHY. 

The  study  of  the  non-metallic  elements  can  be  pushed  to  a  very 
considerable  extent,  and  a  large  amount  of  precise  and  exceedingly 
important  information  acquired,  without  much  direct  reference  to  the 
gi-eat  fundamental  laws  of  chemical  union.  The  subject  cannot  be  dis- 
cussed in  this  manner  completely,  as  will  be  obvious  from  frequent 
cases  of  anticipation  in  many  of  the  foregoing  foot-notes  ;  still  much 
may  be  done  by  this  simple  method  of  proceeding.  The  bodies  them- 
selves, in  their  combinations,  furnish  admirable  illustrations  of  the 
general  laws  referred  to  ;  but  the  study  of  their  leading  characters  and 
relations  does  not  of  necessity  involve  a  previous  knowledge  of  these 
laws  themselves. 

It  is  thought  that  by  such  an  arrangement  the  comprehension  of 
these  very  important  general  principles  may  become,  in  some  measure, 
facilitated  by  constant  references  to  examples  of  combinations,  the 
elements  and  products  of  which  have  been  already  described.  So 
much  more  difficult  is  it  to  gain  a  clear  aud  distinct  idea  of  any  pro- 
position of  great  generality  from  a  simple  enunciation,  than  to  under- 
stand the  bearing  of  the  same  law  when  illustrated  by  a  single  good 
and  familiar  instance. 

Before  proceeding  farther,  however,  it  is  absolutely  necessary  that 
these  matters  should  be  discussed  :  the  metallic  compounds  are  so 
numerous  and  complicated,  that  the  establishment  of  some  general 
principle,  some  connecting  link,  becomes  indispensable.  The  doctrine 
of  equivalents,  and  the  laws  which  regulate  the  formation  of  saline 
compounds,  supply  this  deficiency. 

In  the  organic  department  of  the  science,  the  most  interesting  per- 
haps of  all,  a  knowledge  of  these  principles,  and,  farther,  an  acquaint- 
ance or  even  familiarity  with  the  beautiful  system  of  chemical  notation 
now  in  use,  are  absolutely  required.  This  latter  is  found  of  very  great 
service  in  the  study  of  salts  and  other  complex  inorganic  compounds, 
but  in  that  of  organic  chemistry  it  cannot  be  dispensed  with. 

It  will  be  proper  to  commence  with  a  notice  of  the  principles  which 
regulate  the  modern  nomenclature  in  use  in  chemical  writings. 

NOMENCLATURE. 

In  the  early  days  of  chemistry  the  arbitrary  and  fanciful  names 
which  were  conferred  by  each  experim-jnter  on  the  new  compounds  he 
discovered  sufficed  to  distinguish  these  from  each  other,  and  to  render 
intelligible  the  description  given  of  their  production.    Such  terms  as 
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oil  of  vitriol,  spirit  of  salt,  oil  of  tartar,  butter  of  antimony,  sugar  of 
lead,  flowers  of  zinc,  sal  enixum,  sal  mirabile,  &c.,  were  then  quite 
admissible.  In  process  of  time,  however,  when  the  number  of  known 
substances  became  vastly  increased,  the  confusion  of  language  pro- 
duced by  the  want  of  a  more  systematic  kind  of  nomenclature  became 
quite  intolerable,  and  the  evil  was  still  farther  increased  by  the  fre- 
quent use  of  numerous  synonyms  to  designate  the  same  substance. 

In  the  year  1787  Lavoisier  and  his  colleagues  published  the  plan  of 
the  remarkable  system  of  nomenclature,  which,  with  some  important 
extensions  since  rendered  necessary,  has  up  to  the  present  time  to  a 
great  extent  satisfied  the  wants  of  the  science.  It  is  in  organic 
chemistry  that  the  deficiencies  of  this  plan  are  chiefly  felt,  and  that 
something  like  a  return  to  the  old  method  has  been  rendered  inevi- 
table. Organic  chemistry  is  an  entirely  new  science  which  has 
sprung  up  since  the  death  of  these  eminent  men, .and  has  to  deal  with 
bodies  of  a  constitution  or  type  differing  completely  from  that  of  the 
inorganic  acids,  bases,  and  salts,  which  formed  the  subjects  of  the 
chemical  studies  of  that  period.  The  rapid  progress  of  discovery  by 
which  new  compounds,  and  new  classes  of  compounds,  often  of  tlie 
most  unexpected  nature,  are  continually  brought  to  light,  sufficientlv 
proves  that  the  time  to  attempt  the  construction  of  a  permanent  sys- 
tematic plan  of  naming  organic  bodies  has  not  yet  arrived. 

The  principle  of  the  nomenclature  in  use  may  be  thus  explained  : — 
Elementary  substances  still  receive  arbitrary  names,  generally,  but  not 
always,  referring  to  some  marked  peculiarity  of  the  body  ;  an  unifor- 
mity in  the  termination  of  the  word  has  generally  been  observed,  as 
in  the  case  of  new  metals  whose  names  are  made  to  end  in  ium. 

Compounds  foniied  by  the  union  of  non-metallic  elements  with 
metals,  or  with  other  non-metallic  elements,  are  collected  into  groups 
having  a  kind  of  generic  name  derived  from  the  non-metallic  element, 
or  that  most  opposed  in  characters  to  a  metal,  and  made  to  terminate 
in  ide*  Thus  we  have  oxides,  chlorides,  iodides,  bromides,  &c.,  of 
hydrogen  and  of  the  several  metals  ;  oxides  of  chlorine ;  chlorides  of 
iodine  and  sulphur ;  sulphides  and  phosphides  of  hydrogen  and  the 
metals. 

The  nomenclature  of  oxides  has  been  already  described  (p.  110). 
They  are  divided  into  three  classes,  namely,  alkaline  or  basic  oxides, 
neutral  oxides,  and  oxides  possessing  acid  characters.  In  practice  the 
term  oxide  is  usually  restricted  to  bodies  belonging  to  the  first  two 
groups,  those  of  the  third  being  simply  called  acids.  Generally  speak- 
ing these  acids  are  derived  from  the  non-metallic  elements,  which 
yield  no  basic  oxides :  many  of  the  metals,  however,  yield  acids  of  a 
more  or  less  energetic  description. 

The  same  element  in  combining  with  oxygen  in  more  than  one  pro- 
portion may  yield  more  than  one  acid :  in  this  case  it  has  been  usual 

*  Formerly  the  termination  iiret  was  likewise  frequently  used. 
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to  apply  to  the  acid  containing  most  oxygen  the  termination  ic,  and 
to  the  one  containing  the  lesser  quantity  tlie  termination  ous.  When 
more  members  of  the  same  group  came  to  be  known,  recourse  v/as  had  to 
a  prefix,  hypo  or  hyper,  (or  per,)  signifying  deficiency  or  excess.  Thus, 
the  two  earliest-known  acids  of  sulphur  were  named  respectively  sti^^Aw;-- 
ous  and  sulphuric  acids  ;  subsequently  two  more  were  discovered,  the 
one  containing  less  oxygen  than  sulphurous  acid,  the  other  interme- 
diate in  composition  between  sulphurous  and  sulphuric  acids.  These 
■were  called  hyposulphurous  and  hyposulphuric  acids.  The  names  of 
the  new  acids  of  sulphur  of  still  more  recent  discovery  are  not  yet 
permanently  fixed ;  Lavoisier's  system,  even  in  its  extended  form, 
fails  to  furnish  names  for  such  a  lengthened  series.  Other  examples 
of  the  nomenclature  of  acids  with  increasing  proportions  of  oxygen  are 
easily  found ;  as  hypophosphorous,  phosphorous,  and  phosphoric  acids ; 
hypochlorous,  chlorous,  hypochloric,  chloric,  and  perchloric  acids ; 
nitrous,  hyponitrio,  and  nitric  acids,  &c. 

The  nomenclature  of  salts  is  derived  from  that  of  the  acid  they  con- 
tain ;  if  the  name  of  the  acid  terminate  in  ic,  that  of  the  salt  is  made 
to  end  in  ate ;  if  in  ous,  that  of  the  saline  compound  ends  in  ite. 
Thus,  sulphuric  acid  forms  sulphates  of  the  various  bases  ;  sulphurous 
acid,  sulphites;  hyposulphurous  acid,  hyposulphites;  hyposulphuric 
acid,  hyposulphates,  kc.    The  rule  is  here  very  simple  and  obvious. 

The  want  of  uniformity  in  the  application  of  the  systematic  nomen- 
clature is  chiefly  felt  in  the  class  ol'  oxides  not  possessing  acid  charac- 
ters, and  in  that  of  some  analogous  compounds.  The  old  rule  was  to 
apply  the  word  protoxide  to  the  oxide  containing  least  oxygen,  to  call 
the  next  in  order  binoxide,  the  third  tritoxide  or  teroxide ;  &c. 
But  latterly  tliis  rule  has  been  broken  through,  and  the  term  prot- 
oxide given  to  that  oxide  of  a  series  in  which  the  basic  characters  are 
most  strongly  marked.  Any  compoimd  containing  a  smaller  propor- 
tion of  oxygen  than  this  is  called  a  suboxide.  An  example  is  to  be 
found  in  the  two  oxides  of  copper;  that  which  was  once  called 
binoxide  is  now  protoxide,  being  the  more  basic  of  the  two,  while  the 
fonner  protoxide  is  degraded  into  suboxide. 

The  Latin  prefix  per,  or  rarely  hyper,  is  sometimes  used  to  indicate 
the  highest  oxide  of  a  series  destitute  of  acidity,  as  peroxide  of  iron 
chromium,  manganese,  lead,  &c.  Other  Latin  prefixes,  as  sesqui,  bi 
or  bin,  and  quad,  applied  to  the  names  of  binary  compounds  or  salts 
have  reference  to  the  constitution  of  these  latter  expressed  in  chemical 
equivalents.*  Thus,  an  oxide  in  which  the  proportion  of  oxygen  and 
metal  are  in  equivalents,  as  1 '5  to  1,  or  3  to  2,  is  often  called  a  ses- 
quioxide;  if  in  the  proportion  of  2  to  1,  a  binoxide,  &c.  The  same 
terms  are  applied  to  salts :  thus  we  have  neutral  sulphate  of  potassa, 
sesquisulphate  of  potassa,  and  bisulphate  of  potassa  ;  the  first  contain- 
ing 1  equivalent  of  acid  to  1  of  base,  the  second  1-5  of  acid  to  1  of 

*  See  a  few  poges  forward. 
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base,  and  the  third  2  equivalents  of  acid  to  1  equivalent  of  base.  In 
like  manner  we  have  neutral  oxalate,  binoxalatc,  and  qmdroxalate 
of  potassa,  the  latter  having  4  eq.  of  acid  to  1  eq.  of  base.  Many 
other  cases  might  be  cited. 

The  student  will  soon  discover  that  the  rules  of  nomenclature  are 
often  loosely  applied,  as  when  a  Latin  numeral  prefix  is  substituted 
for  one  of  Greek  origin.  We  speak  of  tersulphide  instead  of  tintosul- 
phide  of  antimony,  and  pentasulphide  of  antimony.  These  and  other 
small  irregularities  are  not  found  in  practice  to  cause  serious  con- 
fusion. 


THE  LAWS  OF  COMBINATION  BY  WEIGHT, 

The  gi-eat  general  laws  which  regulate  all  chemical  combinations 
admit  of  being  laid  down  in  a  manner  at  once  simple  and  concise. 
They  are  four  in  number,  and  to  the  following  effect : — 

1.  All  chemical  compounds  are  definite  in  their  nature,  the  ratio 
of  the  elements  being  constant. 

2.  When  any  body  is  capable  of  uniting  with  a  second  in  several 
proportions,  these  proportions  bear  a  simple  relation  to  each 
other.  ■ 

3.  If  a  body.  A,  unite  with  other  bodies,  B,  C,  D,  the  quantities 
of  B,  C,  D,  which  unite  with  A,  represent  the  relations  in 
which  they  unite  among  themselves,  in  tiie  event  of  union  taking 
place. 

4.  The  combining  quantity  of  a  compound  is  the  sum  of  the  con- 
bining  quantities  of  its  components. 

(1.)  Constancy  of  Composition. — That  the  same  chemical  com- 
pound invariably  contains  the  same  elements  united  in  unvarying  pro- 
portions,  is  a  proposition  almost  axiomatic ;  it  is  involved  in  the  very 
idea  of  identity  itself.  The  converse,  however,  is  very  far  from  being 
true  ;  the  same  elements  combining  in  the  same  proportions  do  not  of 
necessity  generate  the  same  substance. 

Organic  chemistry  furnishes  numerous  instances  of  this  very  remark- 
able fact,  in  which  the  greatest  diversity  of  properties  is  associated 
with  identity  of  chemical  composition.  These  cases  seem  to  be  ueai'ly 
confined  to  organic  chemistry ;  only  a  few  well-established  and  im- 
doubted  examples  being  known  in  the  inorganic  or  mineral  division 
of  the  science. 

(2.)  Multiple  Proportions. — Illustrations  of  this  simple  and  beau- 
tiful law  abound  on  every  side  :  let  the  reader  talce  for  example  the 
compoimds  of  nitrogen  and  oxygen,  five  in  number,  containing  the 
proportions  of  the  two  elements  so  described  that  the  quantity  of  one 
of  them  shaU  remain  constant : — 
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Nitrogen.  Oxygen. 

Protoxide  14  8 

Binoxide  14  16 

Nitrous  acid  14  24 

Hypouitric  acid  .....    14  32 

Citric  acid  14  40 

It  will  be  seen  at  a  glance,  that  while  the  nitrogen  remains  the 
same,  the  quantities  of  oxygen  increase  by  multiples  of  8,  or  the  num- 
ber representing  the  quantity  of  that  substance  in  the  first  compound ; 
thus,  8,  8X2,  8x3,  8x4,  and  8x5,  give  respectively  the  oxygen 
in  the  protoxide,  the  binoxide,  nitrous  acid,  hjfponitric  acid,  and 
lastly,  nitric  acid.  _  Again,  cai-bonic  acid  contains  exactly  twice  as 
much  oxygen  in  proportion  to  the  other  constituent  as  carbonic  oxide ; 
the  binoxide  of  hydrogen  is  twice  as  rich  in  oxygen  as  water ;  the 
corresponding  sulphides  exhibit  the  same  phenomena,  while  the  me- 
tallic compounds  otter  one  continued  series  of  illustrations  of  the  law, 
although  the  ratio  is  not  always  so  simple  as  that  of  1  to  2. 

It  often  happens  that  one  or  more  members  of  a  series  are  yet  defi- 
cient :  the  oxides  of  chlorine  afford  an  example. 

Clilorine.  Oxygen. 
Hypochlorous  acid ....       35 -5  8 
Chlorous  acid  .....    35'5  24 
Hypochloric  acid  ....        35'5  32 

Chloric  acid   35-5  40 

Perchloric  acid     ....       35"5  56 

Here  the  quantities  of  oxygen  progi'ess  in  the  following  order : — 
8,  8x3,  8x4,  8x5,  8x7;  gaps  are  manifest  between  the  first  and 
second,  and  also  between  the  fourth  and  fifth  substances ;  these  remain 
to  be  filled  up  by  future  researches.  The  existence  of  a  simple  relation 
among  the  numbers  in  the  second  column  is  however  not  the  less 
evident.  Even  when  difficulties  seem  to  occur  in  applying  this  prin- 
ciple, they  are  only  apparent,  and  vanish  when  closely  examined.  In 
the  highly-complex  sulphur  series,  given  at  p.  135,  the  numbers 
placed  in  each  column  are  multiples  of  the  lowest  among  them  ;  and, 
by  making  the  assumption,  which  is  not  at  all  extravagant,  that 
certain  of  the  last-named  bodies  are  intennediate  combinations,  we 
may  an'ange  the  four  direct  compounds  in  such  a  manner  that  the 
sulphur  shiill  remain  a  constant  quantity. 

.  Sulphur.  Oxygen, 

Hyposulphurous  acid  ...  32  l6 
Sulphurous  acid .....  32  32 
Hyposulphuric  acid ....  32  40 
Sulphuric  acid    .       .       .       .       .32  48 

Compound  bodies  of  all  kinds  are  also  subject  to  the  law  of  mul- 
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tiples  when  tliey  unite  among  themselves,  or  with  elementary  sub- 
stances. There  are  two  sulphates  of  potassa  and  soda :  the  second 
contains  twice  as  much  acid  in  relation  to  the  alicaline  base  as  the 
fii'st.  There  are  three  oxalates  of  potassa,  namely,  the  simple  oxalate, 
the  binoxalate,  and  the  quadroxalate ;  the  second  has  equally  twice 
as  much  acid  as  the  first  ;  and  the  third  twice  as  much  as  the  second. 
Many  other  cases  might  be  cited,  but  the  student,  once  in  possession 
of  the  principle,  will  easily  notice  them  as  he  proceeds. 

(3.)  Law  of  -Equivalents. — It  is  highly  important  that  the  subject 
now  to  be  discussed  should  be  completely  understood. 

Let  a  substance  be  chosen  whose  range  of  affinity  and  powers  of 
combination  are  very  great,  and  whose  compounds  are  susceptible  of 
rigid  and  exact  analysis ;  such  a  body  is  found  in  oxygen,  which  is 
Isnown  to  unite  with  all  the  elementaiy  substances,  with  the  single 
exception  of  fluorine.  Now,  let  a  series  of  exact  experiments  be 
made  to  determine  the  proportions  in  which  the  diflerent  elements 
combine  with  one  and  the  same  constant  quantity  of  oxygen,  which, 
for  reasons  hereafter  to  be  explained,  may  be  assumed  to  be  8  parts 
by  weight ;  and  let  these  numbers  be  arranged  in  a  column  opposite 
the  names  of  the  substances.  The  result  is  a  table  or  list  lilie  the 
following,  but  of  coui-se  much  more  extensive  when  complete. 

Oxygen     .  "     .       .       .       .  8 


Hydi'ogen     .       .       .       .  .1 

Nitrogen  14 

Carbon  .....  6 
Sulpliur  .....  16 
Phosphorus  .       .       .       .  .32 

Chlorine  35  "5 

Iodine  .       .       .       •  127 

Potassium .....  39 
Iron  .       .       .       .  .28 

Copper  .  .  .  ■  .  31'7 
Lead  ....  103-7 

Silver  108 

&c.  &c. 

Now  the  law  in  question  is  to  this  effect :— If  such  numbers  repre- 
sent the  proportions  in  which  the  different  elements  combine  with  the 
arbitrarily-fixed  quantity  of  the  starting-substance,  the  oxygen,  they 
also  represent  the  proportions  in  which  they  unite  among  themselves, 
or  at  any  rate  bear  some  exceedingly  simple  ratio  to  tliese  proportions. 

Thus,  hydrogen  and  chlorine  combine  invariably  in  tlie  proportions 
1  and  35-5;  hydrogen  and  sulphur,  1  to  16;  chlorine  and  silver, 
35-5  to  108;  iodine  and  potassium,  127  parts  of  the  fonner  to 
39  of  the  latter,  &c.  This  rule  is  never  depai-ted  from  in  any  cue 
instance. 
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The  term  equivalent  is  applied  to  these  numbers  for  a  reason  which 
will  now  be  perfectly  intelligible ;  they  represent  quantities  capable 
of  exactly  replacing  each  other  in  combination :  1  part  of  hydrogen 
goes  as  far  in  combining  with  or  saturating  a  certain  amount  of  oxygen 
as  28  parts  of  iron,  39  of  potassium,  or  108  of  silver ;  for  the  same 
reasons,  the  numbers  are  said  to  represent  combining  quantities,  or 
proportionals. 

Nothing  is  more  common  than  to  speak  of  so  many  equivalents  of 
this  or  that  substance  being  united  to  one  or  more  equivalents  of  a 
second;  by  this  expression,  quantities  are  meant  just  so  many  times 
greater  than  these  relative  numbers.  Thus,  sulphuric  acid  is  said  to 
contain  1  equivalent  of  sulphur  and  3  equivalents  of  oxygen ;  that  is, 
a  quantity  of  the  latter  represented  by  three  times  the  combining  num- 
ber of  oxygen  :  phosphoric  acid  is  made  up  of  1  equivalent  of  phos- 
phorus and  5  of  oxygen ;  the  red  oxide  of  iron  contains,  as  will  be 
seen  hereafter,  3  equivalents  of  oxygen  to  every  2  equivalents  of  metal, 
&c.  It  is  an  expression  which  will  henceforward  be  freely  and  con- 
stantly employed  ;  it  is  hoped,  therefore,  that  it  will  be  understood. 

The  nature  of  the  law  will  easily  show  that  the  choice  of  the  body 
destined  to  serve  for  a  point  of  departure  is  perfectly  arbitrary,  and 
regulated  by  considerations  of  convenience  alone. 

A  body  might  be  chosen  which  refuses  to  unite  with  a  considerable 
number  of  the  elements,  and  yet  the  equivalents  of  the  latter  would 
admit  of  being  determined  by  indirect  means,  in  virtue  of  the  very 
peculiar  law  under  discussion.  Oxygen  does  not  unite  with  fluorine, 
yet  the  equivalent  of  the  latter  can  be  found  by  observing  the  quantity 
which  combines  with  the  equivalent  quantity  of  hydrogen  or  calcium, 
already  known.  We  may  rest  assured  that  if  an  oxide  of  fluorine  be 
ever  discovered,  its  elements  will  be  associated  in  the  ratio  of  8  to 
19,  or  in  numbers  which  are  either  multiples  or  submultiples  of  these. 

The  number  assigned  to  the  starting-substance  is  also  equally  ar- 
bitrary ;  if,  in  the  table  given,  oxygen  instead  of  8  were  made  10,  or 
100,  or  even  a  fractional  number,  it  is  quite  obvious  that  although  the 
other  numbers  would  all  be  different,  the  ratio,  or  proportion  among 
the  whole,  would  remain  unchanged,  and  the  law  would  still  be  main- 
tained in  all  its  integi'ity. 

There  are  in  fact  two  such  tables  in  use  among  chemists ;  one  in 
which  oxygen  is  made  =  8,  and  a  second  in  which  it  is  made  =100  ; 
the  former  is  generally  used  in  this  country,  and  the  latter  still  to  a 
certain  extent  on  the  Continent.  The  only  reason  for  giving,  as  in 
the  present  volume,  a  preference  to  the  first  is,  that  the  numbe'rs  are 
smaller  and  more  easily  remembered. 

The  number  8  has  been  chosen  in  this  table  to  represent 
oxygen,  from  an  opinion  long  held  by  the  late  Dr.  Prout,  and  re- 
cently to  appearance  substantiated  in  some  remarkable  instances  by 
very  elaborate  investigation,  that  the  equivalents  of  all  bodies  are 
multiples  of  that  of  hydrogen;  and  consequently,  by  making  the 
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latter  unity,  the  numbers  would  be  all  integers.  The  question  must 
be  considered  as  altogether  unsettled.  A  great  obstacle  to  such  a 
view  is  presented  by  the  case  of  chlorine,  whicii  certainly  seems  to  be 
a  fractional  number;  and  one  single  well-established  exception  will 
be  fatal  to  the  hypothesis. 

As  all  experimental  investigations  are  attended  with  a  certain 
amount  of  error,  the  results  contained  in  the  following  table  must  be 
looked  upon  merely  as  good  approximations  to  the  truth.  For  the 
same  reason,  small  differences  are  often  observed  in  the  detennination 
of  the  equivalents  of  the  same  bodies  by  different  e.xperimenters. 


TABLE  OF  ELEMENTAKY  SUBSTANCES,  WITH  THEIR  EQUIVALENTS. 


Oxy.=8. 

uxy. — luu. 

Oxy.= 

Q 
O. 

Oxy.=lOO. 

Aluminium 

13-7 

171-25 

Nickel  . 

29- 

6 

370 

Antimony 

129 

1612-5 

Niobium 

Arsenic  . 

75 

937*5 

Nitrogen 

14 

175 

Bai'ium  . 

68-5 

856-25 

Norium 

Beryllium 

6*9 

86-25 

Osmium . 

99* 

6 

1245 

Bismuth 

213 

2662-5 

Oxygen  . 

8 

100 

Boron 

10-9 

136-25 

Palladium 

53- 

3 

666* 

25 

Bromine 

80 

1000 

Pelopium 

Cadmium 

56 

700 

Phosphorus 

31 

387- 

5 

Calcium  . 

20 

250 

Platinum 

98* 

7 

1233* 

75 

Carbon  . 

6 

75 

Potassium 

39 

487 

5 

Cerium  . 

47  (?) 

587*5 

Knoamm 

2 

K 

o 

Chlorine . 

35-5 

443-75 

Ruthenium 

52 

2 

652 

5 

Chromium 

26'7 

OOO    i  o 

Selenium 

89 

5 

493- 

75 

Cobalt  . 

29-5 

368*75 

Silicium  , 

21 

3 

266 

25 

Copper  . 

31'7 

396-25 

Silver 

108 

1350 

Didymium 

50(?) 

625 

Sodium  . 

23 

287 

5 

Erbium 

Strontium 

43 

8 

547 

5 

Fluorine 

19 

237-5 

Sulphur  . 

16 
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Gold 

197 

2462-5 

Tantalum 

184 

2300 

Hydrogen 

1 

12*5 

Tellurium 

64 

802 

5 

Iodine 

127 

1587-5 

Terbium 

745 

Iridium  . 

99 

1237-5 

Thorium 

59 

6 

Iron 

28 

350 

Tin 

58 

725 

Lanthanum  47  (?) 

587-5 

Titanium 

25 

312 

-5 

Lead 

103'7 

1296-25 

Tungsten 

92 

1150 

Lithium  . 

6-5 

81-25 

Uranium 

60 

750 

Magnesium 

12 

150 

Vanadium 

68 

•6 

857 

•5 

Manganese 

27-6 

345 

Yttrium 

407 

Mercury . 

100 

1250 

Zinc 

32 

■6 

•5 

Molybdenum  46 

575 

Zirconium 

33 

•6 

420 
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(4.)  Combining  Numbers  of  Compounds. — The  law  states  that  the 
equivalent  or  combining  number  of  a  compound  is  al^  ays  the  sum  of 
the  equivalents  of  its  components.  This  is  also  a  gi  eat  fundamental 
truth,  which  it  is  necessary  to  place  in  a  clear  and  conspicious  light. 
It  is  a  separate  and  independent  law,  established  by  direct  experi- 
mental evidence,  and  not  deducible  from  either  of  the  preceding. 

The  method  of  investigation  by  which  the  equivalent  of  a  simple 
body  is  determined,  has  been  already  explained ;  that  employed  in 
the  case  of  a  compound  is  in  nowise  different.  The  example  of  the 
acids  and  alkalis  may  be  taken  as  the  most  explicit,  and  at  the  same 
time  most  important.  An  acid  and  a  base,  combined  in  certain  defi- 
nite proportions,  newirafee,  or  mask  each  other's  properties  completely, 
and  the  result  is  a  salt :  these  proportions  are  called  the  equivalents 
of  the  bodies,  and  they  are  very  variable.  Some  acids  have  very  high 
capacities  of  saturation,  of  others  a  much  larger  quantity  must  be 
employed  to  neutralize  the  same  amount  of  base ;  the  bases  them- 
selves present  also  similar  phenomena.  Thus,  to  saturate  47  parts  of 
potassa,  or  116  parts  of  oxide  of  silver,  there  are  required 

40  parts  sulphuric  acid, 
54    ,,     nitric  acid, 
75'5  ,,    chloric  acid, 
167    ,,    iodic  acid, 
51  acetic  acid. 

Numbers  very  different,  but  representing  quantities  which  replace 
each  other  in  combination.  Now,  if  a  quantity  of  some  base,  such 
as  potassa,  be  taken,  which  is  represented  by  the  sum  of  the  equiva- 
lents of  potassium  and  oxygen,  then  the  quantity  of  any  acid  requisite 
for  its  neutralization,  as  determined  by  direct  experiment,  will  always 
be  found  equal  to  the  sum  of  the  equivalents  of  the  diiferent  compo- 
nents of  the  acid  itself. 


39  =  equivalent  of  potassium. 
8  =         „  oxygen. 

47  =  assumed  equivalent  of  potassa. 

47  parts  of  potassa  are  found  to  be  exactly  neutralized  by  40  parts 
of  real  sulphuric  acid,  or  by  54  parts  of  real  nitric  acid.  These 
quantities  are  evidently  made  up  by  adding  together  the  equivalents 
of  their  constituents : — 

1  equivalent  of  sulphur=16  1  equivalent  of  nitrogen=  14 

3       „  oxygen=24  5  „  osygen  =  40 

1      „  sulphuric  acid =40  1         „      nitric  acid=54 
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And  the  same  is  true  if  any  acid  be  taken,  and  the  quantities  of 
different  bases  required  for  its  nentraiization  determined ;  the  com- 
bining number  of  the  compound  will  always  be  found  to  be  the  sum 
of  the  combining  numbers  of  its  components,  however  complex  the 
substance  may  be.  Even  among  such  bodies  as  the  vegeto-al kalis  ot 
organic  chemistry,  the  same  universal  rule  holds  good.  When  salts 
combine,  which  is  a  thing  of  very  common  occurrence,  as  will  here- 
after be  seen,  it  is  always  in  the  ratio  of  the  equivalent  numbers. 
Apart  from  hypothetical  considerations,  no  d  priori  reason  can  be 
shown  why  such  should  be  the  case:  it  is,  as  before  remai-ked,  an 
independent  law,  established  like  the  rest  by  experiment. 


A  curious  observation  was  very  early  made  to  this  effect : — If  two 
neutral  salts  which  decompose  each  other  when  mixed,  be  brought  in 
contact,  the  new  compounds  resulting  from  their  mutual  decomposition 
will  also  be  neutral.  For  example,  when  solution  of  nitrate  of  baiyta 
and  sulphate  of  potassa  are  mingled,  they  both  suffer  decomposition, 
sulphate  of  baryta  and  nitrate  of  potassa  being  simultaneously  formed, 
both  of  which  are  perfectly  neutral.  The  reason  of  this  will  be  at 
once  evident ;  interchange  of  elements  can  only  take  place  by  the 
displacement  of  equivalent  quantities  of  matter  on  either  side.  For 
every  54  parts  of  nitric  acid  set  free  by  the  decomposition  of  the 
barytic  salt,  47  parts  of  potassa  are  abandoned  by  the  40  parts 
of  sulphuric  acid  with  which  they  were  previously  in  combination, 
now  transferred  to  the  baryta.  But  54  and  47  are  the  representa- 
tives of  combining  quantities ;  hence  the  new  compound  must  be 
neutral. 


COMBINATION  BY  VOLUME, 

Many  years  ago  M.  Gay-Lussac  made  the  very  important  and 
interesting  discovery  that  when  gases  combine  chemically  union  in- 
variably takes  place  either  between  equal  volumes,  or  between  volumes 
which  bear  a  simple  relation  to  each  other.  This  is  not  only  true  of 
elementary  gases,  but  of  compound  bodies  of  this  description,  as  it  is 
invariably  observed  that  the  contraction  of  bulk  which  so  frequently 
follows  combination  itself  also  bears  a  simple  relation  to  the  volumes 
of  the  combining  gases.  The  consequence  of  this  is  that  compound 
gases  and  the  vapours  of  complex  volatile  liquids  (which  are  truly 
gases  to  all  intents  and  purposes)  follow  the  same  law  as  elementary 
bodies  when  they  unite  with  these  latter  or  combine  among  them- 
selves. 

The  ultimate  reason  of  the  law  in  question  is  to  be  found  in  the 
very  remarkable  relation  established  by  the  hand  of  Natnre  between 
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the  specific  gravity  of  a  body  in  tlie  gaseous  state  and  its  chemical 
equivalent ;— a  relation  of  such  a  kind  that  quantities  by  weight  of  the 
various  gases  expressed  by  their  equivalents,  or  in  other  words  quan- 
tities by  weight  which  combine,  occupy  under  similar  circumstances  of 
pressure  and  temperature  either  equal  volumes  or  volumes  bearing  a 
simple  proportion  to  each  other.  In  the  example  cited  below,  equi- 
valent weights  of  hydrogen,  chlorine,  and  iodine-vapour  occupy  equal 
volumes,  while  the  equivalent  of  oxygen  occupies  exactly  half  that 
measure. 

Cubic  inches. 

8*0  grains  of  oxygen  occupy  at  60°  (15^'5C)  and  30  in.  barom.  23-3 
1"0  grain  of  hydrogen       .......  46*7 

35"5  grains  of  chlorine   .       .       .       .       .       .       .  46*2 

127*0  grains  of  Iodine-vapour  (would  measure)      .       .    -  .  46*7 

If  both  the  specific  gravity  and  the  chemical  equivalent  of  a  gas  be 
known,  its  equivalent  or  combining  volume  can  be  easily  determined, 
since  it  will  be  represented  by  the  number  of  times  the  weight  of  an 
unit  of  volume  (the  specific  gravity)  is  contained  in  the  weight  of  one 
chemical  equivalent  of  the  substance.  In  other  words,  the  equivalent 
volume  is  found  by  dividing  the  chemical  equivalent  by  the  specific 
gravity.  The  following  table  exhibits  the  relations  of  specific  gravity, 
equivalent  weight,  and  equivalent  volume  of  the  principal  elementary 
substances. 


Hydrogen 
Nitrogen 
Chlorine 

Bromine-vapour  . 
Iodine-vapour  . 
Carbon-vapour*  . 
Mercury-vapour 
Oxygen 

Phosphoras-vapour 
Arsenic-vapour 
Sulphm'-vapour 

Thus  it  appears  that  hydrogen,  nitrogen,  chlorine,  bromine,  iodine, 
carbon,  and  mercury,  in  the  gaseous  state,  have  the  same  equivalent 
volume  ;  oxygen,  phosphorus,  and  arsenic,  one-half  of  this  ;  and  sul- 
phur one-sixth.  The  slight  discrepancies  in  the  numbers  in  the  third 
column  result  chiefly  from  errors  in  the  determination  of  the  specific 
gravities. 

Compound  bodies  exhibit  exactly  similar  results  :  

*  See  farther  on. 


Sp.  gravity. 

Equiv.  weight. 

Equiv.  volume. 

0-0693    .  . 

1-0 

14-43  or  1 

0-972      .  . 

14-0 

14-37  „  1 

2-470      .  . 

35-5 

14-33  „  1 

5-395     .  . 

80-0 

.       14-82  „  1 
14-57  „  1 

8-716      .  . 

127-0 

0-418      .  . 

6-0 

14-34  „  1 

7-000     .  . 

100-0 

14-29  „  1 

1-106      .  . 

8-0 

7-23  1 

4-350     .  . 

32-0       .  , 

7-35  „  5 

7-19  „  1 
2-40  „  1 

10-420 

75-0 

6-654     .  . 

16-0 
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Sp.  gravity. 

Water-vapour  .  .  .  0-625 
Protoxide  of  nitrogen    .  1-525 

Sulpliuretted  liydrogen  .  1-171 
Sulphurous  acid  .       .  2*210 

Carbonic  oxide  .  .  0*973 
Carbonic  acid  .  .  1-524 
Light  carbonetted  hydrogen  0-559 

Olefiant  gas  .  .  .  0-981 
Binoxide  of  nitrogen     ,  1-039 

Hydrochloric  acid  .  .  1-269 
Phosphoretted  hydrogen  1*240 
Ammonia  .  .  0*589 
Ether-vapour       .       .  2-586 

Acetone-vapour  .  .  2*022 
Benzol-vapour     .       .  2*738 

Alcohol-vapour       .  .  1*613 


Equiv.  weight.   Equiv.  volume. 


9-0  . 

] 4-40  or 

22-0  . 

.      14*43  „ 

17-0  . 

.      14-51  „ 

32*0  . 

.      14*52  „ 

14*0 

.     14*39  „ 
.     14*43  „ 

22-3  . 

8*0  . 

.     14*31  „ 
.      14*27  „ 
.     28-87  „ 

14*0  . 

30*0  . 

2 

.36*5  , 

.     28*70  „ 

2 

35*0  . 

.     28-22  „ 

2 

17*0  . 

.      28-86  „ 

2 

37*0  . 

.     14-31  „ 

1 

29*0  . 

.      14-34  „ 

1 

78-0  . 

.      28-49  „ 

2 

46*0  . 

28-52  „ 

2 

In  the  preceding  tables  the  ordinary  standard  of  specific  gravity  for 
gases,  atmospheric  air,  has  been  taken.  It  is,  however,  a  matter  of 
perfect  indifference  what  substance  be  chosen  for  this  purpose ;  the 
numbers  representing  the  combining  volumes  will  change  with  the 
divisor,  but  the  proportions  they  bear  to  each  other  will  remain  un- 
altered. And  the  same  remark  applies  to  the  equivalent  weights ; 
either  of  the  scales  in  use  may  be  taken,  provided  that  it  be  adhered  to 
throughout. 

The  law  of  volumes  often  serves  in  practice  to  check  and  corroborate 
the  results  of  experimental  investigation,  and  is  often  of  great  service 
in  this  respect. 

There  is  an  expression  sometimes  made  use  of  in  chemical  writings 
which  it  is  necessary  to  explain,  namely,  the  meaning  of  the  words 
hypothetical  density  of  vapov^r,  applied  to  a  substance  which  has  never 
been  volatilized,  such  as  carbon,  whose  real  specific  gravity  in  that 
state  must  of  course  be  unknown.  It  is  easy  to  understand  the  origin 
of  tliis  term.  Carbonic  acid  contains  a  volume  of  oxygen  equal  to  its 
own  ;  consequently,  if  the  specific  gravity  of  the  latter  be  subtracted 
from  that  of  the  former  gas,  the  residue  will  express  the  proportion 
borne  by  the  weight  of  the  carbon,  certainly  then  in  a  vaporous  state, 
to  that  of  the  two  gases. 

The  specific  gravity  of  carbonic  acid  is  .  .  1  •  5240 
That  of  oxygen  is        .....  .1*1057 

0*4183 

On  the  supposition  that  carbonic  acid  contains  equal  volumes  of 
oxygen  and  this  vapour  of  carbon,  condensed  to  one-half,  the  latter 
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will  have  the  specific  gravity  represented  by  0-4183  and  the  combining 
volume  given  in  the  table.  But  this  is  merely  a  supposition,  a  guess ; 
no  proof  can  be  given  that  carbonic  acid  gns  is  so  constituted.  All 
that  can  be  safely  said  is  contained  in  the  prediction,  that,  should  the 
specific  gravity  of  the  vapour  of  carbon  ever  be  determined,  it  will  be 
found  to  coincide  with  this  number,  or  to  bear  some  simple  and  obvious 
relation  to  it. 

For  many  years  past  attempts  have  been  made  to  extend  to  solids 
and  liquids  the  results  of  Gay-Lussac's  discovery  of  the  law  of  gaseous 
combination  by  volume,  the  combining  or  equivalent  volumes  of  the 
bodies  in  question  being  determined  by  the  method  pursued  in  the 
case  of  gases,  namely,  by  dividing  the  chemical  equivalent  by  the 
specific  gravity.  The  numbers  obtained  in  this  manner  representing 
the  combining  volumes  of  the  various  solid  and  liquid  elementary  sub- 
stances, present  far  more  cases  of  descrepancy  than  of  agreement.  The 
latter  are,  however,  sufliciently  numerous  to  excite  great  interest  in  the 
investigation.  Some  of  the  results  pointed  out  are  exceedingly  curious 
as  far  as  they  go,  but  are  not  as  yet  sufficient  to  justify  any  general 
conclusion.  The  inquiry  is  beset  with  many  great  difficulties,  chiefly 
arising  from  the  unequal  expansion  of  solids  and  liquids  by  heat,  and 
the  great  differences  of  physical  state,  and  consequently  of  specific 
gravity,  often  presented  by  the  former. 

Such  is  a  brief  account  of  the  great  laws  by  which  chemical  com- 
binations, of  every  kind,  are  governed  and  regulated  ;  and  it  cannot  be 
too  often  repeated,  that  the  discovery  of  these  beautiful  laws  has  been 
the  result  of  pure  experimental  mquiry.  They  have  been  established 
on  this  fii-m  and  stable  foundation  by  the  joint  labours  of  very  many 
illustrious  men  ;  they  are  the  expression  of  fact,  and  are  totally  inde- 
pendent of  all  hypotheses  or  theories  whatsoever. 

CHEMICAL  NOTATION;  SfMBOLS. 

For  convenience  in  communicating  ideas  respecting  the  composition 
and  supposed  constitution  of  chemical  compounds,  and  explaining  in  a 
clear  and  simple  manner  the  results  of  changes  they  may  happen  to 
undergo,  recourse  is  had  to  a  kind  of  written  symbolical  language,  the 
principle  of  which  must  now  be  explained.  To  represent  compounds 
by  symbols  is  no  novelty,  as  the  works  of  the  Alchemists  will  show, 
but  these  have  been  mere  arbitrary  marks  or  characters  invented  for 
the  sake  of  brevity,  or  sometimes  perhaps  for  that  of  obscurity. 

The  plan  about  to  be  described  is  due  to  Berzelius :  it  lias  been 
adopted,  with  slight  modifications,  wherever  chemistry  is  pursued. 

Every  elementary  substance  is  designated  by  the  first  letter  of  its 
Latin  name,  in  capital,  or  by  the  first  letter  conjoined  with  a  second 
small  one,  the  most  characteristic  in  the  word,  as  the  names  of  many 
bodies  begin  alike.  The  single  letter  is  usually  confined  to  the 
earliest  discovered,  or  most  important  elements.    Farther,  by  a  most 
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ingenious  idea,  the  symbol  is  made  to  represent  not  the  substance  in 
the  abstract,  but  one  equivalent  of  that  substance. 

Table  of  Symbols  of  the  Elementary  Bodies. 


Aluminium  .  .  .  Al 
Antimony  (Stibium).  Sb 

Arsenic  .  .  .As 
Barium   .       .       .  Ba 

Beryllium  .  .  .Be 
Bismuth  .       .       .  Bi 

Boron .  .  .  .Bo 
Bromine  ...  Br 

Cadmium  .  .  ,  Cd 
Calcium  .       .       .  Ga 

Carbon        .       .  .  C 
Cerium    .       .       .  Ce 

Chlorine  .  .  ,  CI 
Chromium      .       .  Cr 

Cobalt  .  .  .Co 
Copper  (Cuprum)     .  Cu 

Didymium  .  .  .  Dy 
Erbium  ...  Er 

Fluorine      .       .  .  F 
Gold  (Aurum) .       .  Au 

Hydrogen     .       .  .  H 
Iodine     ...  I 

Iridium  .  .  .  Ir 
Iron  (Ferrum) .       .  Fe 

Lantanum  .  .  .  Ln 
Lead  (Plumbum)       .  Pb 

Lithium       .       .  .  L 
Magnesium      .       .  Mg 

Manganese  .  .  .  Mn 
Mercury  (Hydrargyrum)  Hg 

Molybdenum        .  .  Mo 


Nickel  , 

Ni 

Niobium 

Nb 

Nitrogen. 

N 

Norium 

No 

Osmium  . 

Os 

Oxygen 

0 

Palladium 

Pd 

Pelopium  , 

Pe 

Phosphorus 

P 

Platinum  . 

Pt 

Potassium  (Kalium) 

K 

Rhodium  . 

R 

Ruthenium 

Ru 

Selenium 

Se 

Silicium  . 

Si 

Silver  (Argentum) 

Ag 

Sodium  (Natrium)  . 

Na 

Strontium  , 

Sr 

Sulphur  . 

S 

Tantalum  . 

Ta 

Tellurium 

Te 

Terbium 

Tb 

Thorium 

Th 

Tin  (Stannum)  . 

Sn 

Titanium 

Ti 

Tungsten  (Wolframium) 

W 

Vanadium  . 

V 

Uranium 

u 

Yttrium 

Y 

Zinc      .       .       ,  . 

Zn 

Zirconium  . 

Zr 

Combination  between  bodies  in  the  ratio  of  the  equivalents  is  ex- 
pressed by  mere  juxtaposition  of  the  symbols,  or  sometimes  by  inter- 
posing the  sign  of  addition.    For  example  : — 

Water  .  HO,  orH+0 
Hydrochloric  acid  HCl,  orH  +  Cl 
Protoxide  of  iron  FeO,  or  Fe-j-O 


When  more  than  one  equivalent  is  intended,  a  suitable  number  is 
added,  sometimes  being  placed  before  the  symbol,  like  a  coefficient  in 
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algebra,  sometimes  appended  after  the  manner  of  an  exponent,  but 
more  commonly  placed  a  little  below  on  the  right. 

Binoxide  of  hydrogen  H  +  20,  or  HO^,  or  HO2 
Sulphuric  acid  .  S  + 30,  or  80=*,  or  SO3 
Hyposulphuric  acid  2S  +  50,  or  S^O^,  or  S2O5 

Combination  between  bodies  themselves  compound  is  indicated  by 
the  sigu  of  addition,  or  by  a  comma.  When  both  are  used  in  the  same 
formula,  the  latter  may  be  very  conveniently  applied,  as  Professor 
Graham  has  suggested,  to  indicate  the  closest  and  most  intimate  union. 
A  number  standing  before  symbols,  enclosed  within  a  bi'acket,  signifies 
that  the  whole  of  the  latter  are  to  be  multiplied  by  that  number.  Oc- 
casionally the  bracliet  is  omitted,  when  the  number  affects  all  the 
symbols  between  itself  and  the  next  sign.  A  few  examples  will  serve 
to  illustrate  these  several  points. 

Sulphate  of  soda  NaO  +  SOs,  or  NaO,  SO3 
N  itrate  of  potassa  KO  +  N  O5,  or  KO,  NO5 

The  base  being  always  placed  first. 

Double  sulphate  of  copper  and  potassa  CuO,  S03,  +  K0,S03 
The  same  in  a  crystallized  state  Cu0,S03-|-K0,S03+6H0 
Common  crystallized  alum,  or  double  sulphate  of  alumina  and  po- 
tassa, is  thus  written  :  — 

AI2O3,  3SO3+KO,  S03-(-24H0. 

In  expressing  organic  compounds,  where  three  or  more  elements 
exist,  the  same  plan  is  used. 

Sugar    ,       .       .  CiaHuO,, 

Alcohol     .       .  C4H6O2 

Acetic  Acid   .       .  HO.C^HsOa 

Morphine  .        .  C34H19NO6 

Acetate  of  morphine  CsJIigNOc,  C4H3O3 

Acetate  of  soda       .  NaO,  C4H8O3 

By  such  a  system,  the  eye  is  enabled  to  embrace  the  whole  at  a 
glance,  and  gain  a  distinct  idea  of  the  composition  of  the  body,  and  its 
relations  to  others  similariy  described. 


Some  authors  are  in  the  habit  of  making  use  of  contractions,  which 
however,  are  by  no  means  generally  adopted.    Thus,  two  equivalents 
of  a  substance  are  indicated  by  the  symbol  with  a  short  line  drawn 
through  or  below  it ;  an  equivalent  of  oxygen  is  signified  by  a  dot 
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and  one  of  sulphur  by  a  comma.  These  alterations  are  sometimes 
convenient  for  abbreviating  a  long  formula,  but  easily  liable  to  mis- 
takes. Thus, 

Sesquioxide  of  iron  FeO^  or  -fieO^,  or  Fe,  instead  of  FcgOa 
Bisulphide  of  Carbon  C,  instead  of  CSg 
Crystallized  alum  as  before  AIS3,  KS-|-24H. 


THE  ATOMIC  THEORY. 

That  no  attempt  should  have  been  made  to  explain  the  reason  of  the 
veiy  remarkable  manner  in  which  combination  occurs  in  the  production 
of  chemical  compounds,  and  to  point  out  the  nature  of  the  relations 
between  the  different  modifications  of  matter  which  fix  and  determine 
these  peculiar  and  definite  changes,  would  have  been  unlikely,  and 
in  contradiction  to  the  speculative  tendency  of  the  human  mind. 
Such  an  attempt,  and  a  very  ingenious  and  successful  one  it  is,  has 
been  made,  namely,  the  atomic  hypothesis  of  Dr.  Dalton. 

From  very  ancient  times,  the  question  of  the  constitution  of  matter 
with  respect  to  divisibility  has  been  debated,  some  adopting  the 
opinion  that  this  divisibility  is  infinite,  and  others,  that  when  the 
particles  become  reduced  to  a  certain  degree  of  tenuity,  far  indeed 
beyond  any  state  that  can  be  reached  by  mechanical  means,  they 
cease  to  be  farther  diminished  in  magnitude ;  they  become,  in  short, 
atoms.*  Now,  however  the  imagination  may  succeed  in  figuring  to 
itself  the  condition  of  matter  on  either  view,  it  is  hardly  necessary 
to  mention  that  we  have  absolutely  no  means  at  our  disposal  for 
deciding  such  a  question,  which  remains  at  the  present  day  in  the 
same  state  as  when  it  first  engaged  the  attention  of  the  Greek  philoso- 
phers, or  perhaps  that  of  the  sages  of  Egypt  and  Hindostan  long 
before  them. 

Dr.  Dalton's  hypothesis  sets  out  by  assuming  the  existence  of  such 
atoms  or  indivisible  particles,  and  stiites,  that  compounds  are  formed 
by  the  union  of  atoms  of  difierent  bodies  one  to  one,  one  to  two,  &c. 
The  compound  atom  joins  itself  in  the  same  manner  to  a  compound 
atom  of  another  kind,  and  a  combination  of  the  second  order  results. 
Let  it  be  granted,  farther,  that  the  i-elative  weights  of  tlie  atoms  are  in 
the  proportions  of  the  equivalent  numbers,  and  the  hypothesis  becomes 
capable  of  rendering  consistent  and  satisfactory  reasons  for  all  the  con- 
sequences of  those  beautiful  laws  of  combination  lately  discussed. 

Chemical  compounds  must  always  be  definite ;  they  must  always 


*  "Ato/hos,  that  which  cannot  be  out. 
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contain  the  same  number  of  atoms,  of  the  same  kind,  arranged  m  a 
simikr  manner.  The  same  kind  and  number  of  atoms  need  not,  how- 
ever, of  necessity  produce  the  same  substance,  for  they  may  be  differ- 
ently arranged  ;  and  much  depends  upon  this  circumstance. 

Again,  the  law  of  multiple  proportions  is  perfectly  well  explained ; 
an  atom  of  nitrogen  unites  with  one  of  ox-ygen  to  forai  laughing  gas ; 
with  two,  to  form  binoxide  of  nitrogen  ;  with  three,  to  produce  ni- 
trous acid ;  with  four,  hyponitric  acid ;  and  with  five,  nitric  acid, — 
perhaps  something  after  the  manner  below  represented,  in  which  the 
circle  with  a  cross  represents  the  atom  of  nitrogen,  and  the  plain  circle 
that  of  oxygen. 

Fig.  115. 

Protoxide.      Binoxide.      Nitrous      Hyponitric  Nitric 
acid.  acid.  acid. 

Two  atoms  of  one  substance  may  unite  themselves  with  three  or 
even  with  seven  of  another,  as  in  the  case  of  one  of  the  acids  of  man- 
ganese ;  but  such  combinations  are  rare. 

The  mode  in  which  bodies  replace,  or  may  be  substituted  for,  each 
other,  is  also  perfectly  intelligible,  as  a  little  consideration  will  show. 

Finally,  the  law  which  fixes  the  equivalent  of  a  compound  at  the 
sum  of  the  equivalents  of  the  components,  receives  an  equally  satisfac- 
tory explanation. 

The  difficulties  in  the  general  application  of  the  atomic  hypothesis 
are  chiefly  felt  in  attempting  to  establish  some  wide  and  universal  rela- 
tion between  combining  number  and  combining  volume,  among  gases 
and  vapours,  and  in  the  case  of  the  highly-complex  products  of  organic 
chemistry.  These  obstacles  have  grown  up  in  comparatively  recent 
times.  On  the  other  hand,  the  remarkable  observations  of  the  specific 
capacities  for  heat  of  equivalent  quantities  of  the  solid  elementary 
substances,  might  be  urged  in  favour  of  this  or  some  similar  molecular 
hypothesis.  But  even  here  serious  discrepancies  exist:  we  may  not 
take  liberties  with  equivalent  numbers  determined  by  exact  chemical 
research,  and,  in  addition,  a  simple  relation  is  generally  found  to  be 
wanting  between  the  capacity  for  heat  of  the  compound  and  that  of 
its  elements. 

The  theory  in  question  has  rendered  great  service  to  chemical 
science  ;  it  has  excited  a  vast  amount  of  inquiry  and  investigation, 
which  have  contributed  very  largely  to  define  and  fix  the  laws  of  com- 
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bination  tliemselves.  In  more  recent  days  it  is  not  impossible,  that 
without  some  such  hypothetical  guide  the  exquisitely-beautiful' rela- 
tions which  Mitschorlich  and  others  have  shown  to  exist  between 
crystalline  form  and  chemical  composition,  might  never  have  been 
brought  to  light,  or,  at  any  rate,  their  discovery  might  have  been 
greatly  delayed.  At  the  same  time,  it  is  indispensable  to  draw  the 
•broadest  possible  line  of  distinction  between  this,  which  is  at  the  best 
but  a  graceful,  ingenious,  and,  in  its  place,  useful  hypothesis,  and 
those  great  general  laws  of  chemical  action  which  are  the  pure  and 
unmixed  result  of  inductive  research.* 

Chemical  Affinity. 

The  term  chemical  affinity,  or  chemical  attraction,  has  been  in- 
vented to  describe  that  particular  power  or  force,  in  virtue  of  which, 
union,  often  of  a  very  intimate  and  permanent  nature,  takes  place  be- 
tween two  or  more  bodies,  in  such  a  way  as  to  give  rise  to  a  new  sub- 
stance, having,  for  the  most  part,  properties  completely  in  discordance 
with  those  of  its  components. 

The  attraction  thus  exerted  between  different  kinds  of  matter  is  to 
be  distinguished  from  other  modifications  of  attractive  force  which  are 
exerted  indiscriminately  between  all  descriptions  of  substances,  some- 
times at  enormous  distances,  and  sometimes  at  intervals  quite  inap- 
preciable. Examples  of  the  latter  ai-e  to  be  seen  in  cases  of  what  is 
called  cohesion,  when  the  particles  of  solid  bodies  are  immovably 
bound  together  into  a  mass.  Then  there  are  other  efJ'ects  of,  if  pos- 
sible, a  still  more  obsciu-e  kind ;  such  as  the  various  actions  of  surface, 
the  adhesion  of  certain  liquids  to  glass,  the  repulsion  of  others,  the 
ascent  of  water  in  narrow  tubes,  and  a  multitude  of  curious  pheno- 
mena which  are  described  in  works  on  Natural  Philosophy,  under  the 
head  of  molecular  actions.  From  all  these  true  chemical  attraction 
may  be  at  once  distinguished  by  the  deep  and  complete  change  of  cha- 
racters which  follows  its  exertion :  we  might  define  affinity  to  be  a 
force  by  which  new  substances  are  generated. 

It  seems  to  be  a  general  law  that  bodies  most  opposed  to  each  other 
in  chemical  properties  evince  the  greatest  tendency  to  enter  into  com- 
bination, and,  conversely,  bodies  between  which  strong  analogies  and 
resemblances  can  be  traced,  manifest  a  much  smaller  amount  of  mutual 
attraction.  For  example,  hydrogen  and  the  metals  tend  very  strongly 
indeed  to  combine  with  oxygen,  chlorine,  and  iodine.  The  attraction 
between  the  different  members  of  these  two  groups  is  incompai-ably 
more  feeble.  Sulphur  and  phosphorus  stand,  as  it  were,  mid-way  : 
they  combine  with  substances  of  one  and  the  other  class,  their  proper- 
ties separating  them  sufKciently  from  both.    Acids  are  drawn  towards 

*  The  expression  atonic  weight  is  very  often  substituted  for  that  of  equi- 
.valent  weight,  and  is.  in  fact,  in  almost  every  case  to  be  understood  as  such  : 
it  is,  perhiips,  better  avoided. 
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alkalis,  and  alkalis  towards  acids,  while  union  among  themselves 
rarely,  if  ever,  takes  place. 

Nevertheless,  chemical  combination  graduates  so  imperceptibly  into 
mere  mechanical  mixture,  that  it  is  often  impossible  to  mtirk  the  limit. 
.Solution  is  the  result  of  a  weak  kind  of  affinity  existing  between  the 
substance  dissolved  and  the  solvent:  an  affinity  so  feeble  as  completely 
to  lose  one  of  its  most  prominent  features  when  in  a  more  exalted  con- 
dition, namely,  power  of  causing  elevation  of  temperature,  for  in  the 
act  of  mere  solution  the  temperature  falls,  the  heat  of  combination 
being  lost  and  overpowered  by  the  effects  of  change  of  state. 

The  force  of  chemical  attraction  thus  varies  greatly  with  the  nature 
of  the  substances  between  which  it  is  exerted  ;  it  is  inflnenced,  more- 
over, to  a  very  large  extent  by  external  or  adventitious  circumstances. 
An  idea  formerly  prevailed  that  the  relations  of  affinity  were  fixed 
and  constant  between  the  same  substances,  and  great  pains  were 
taken  in  the  prejiaration  of  tables  exhibiting  what  was  called  the  pre- 
cedence of  affinities.  The  order  pointed  out  in  these  lists  is  now  ac- 
knowledged to  represent  the  oi'der  of  precedence  for  the  circumstances 
under  which  the  experiments  were  made,  but  nothing  more :  so  soon 
as  these  circumstances  become  changed,  the  order  is  disturbed.  The 
ultimate  effect,  indeed,  is  not  the  result  of  the  exercise  of  one  single 
force,  but  rather  the  joint  effect  of  a  number,  so  complicated  and  so 
variable  in  intensity,  that  it  is  but  seldom  possible  to  predict  the  conse- 
quences of  any  yet  untried  experiment.  The  following  may  serve  as 
examples  of  the  tables  alluded  to  ;  the  first  illustrates  the  relative 
affinities  of  a  number  of  bases  for  sulphuric  acid,  each  decomposing 
the  combination  of  the  acid  with  the  base  below  it :  thus  magnesia 
decomposes  sulphate  of  ammonia;  lime  displaces  the  acid  from  sul- 
phate of  magnesia,  &(;.  The  salts  are  supposed  to  be  dissolved  in 
water.  The  second  table  exhibits  the  order  of  affinity  for  oxygen 
of  several  metals,  mercury  reducing  a  solution  of  silver,  copper  one  of 
mercury,  &c. 

Sulphuric  Acid.  Oxygen. 


Baryta,  Lime, 

Strontia,  Magnesia, 

Potassa,  Ammonia. 
Soda, 


Zinc,  Mercury, 
Lead,  Silver. 
Copper, 


It  will  be  proper  to  examine  shortly  some  of  these  extraneous  causes 
to  which  allusion  has  been  made,  which  modify  to  so  great  an  extent 
the  direct  and  original  effects  of  the  specific  attractive  force. 

Alteration  of  temperature  may  be  reckoned  among  these.  When 
metallic  mercury  is  heated  neariy  to  its  boiling  point,  and  in  that 
state  exposed  for  a  lengthened  period  to  the  air,  it  absorbs  oxygen, 
and  becomes  converted  into  a  dai-k-red  crystalline  powder.  This 
very  same  substance,  when  raised  to  a  still  higher  temperature,  spon- 
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taneously  separates  into  metallic  mercury  and  oxygen  gas.  It  may 
be  said,  and  probably  with  truth,  that  the  latter  change  is  greatly 
aided  by  the  tenden(y  of  the  metal  to  assume  the  vaporous  state  ;  but 
precisely  the  same  fact  is  observed  with  another  metal,  palladium,  which 
is  not  volatile  at  all,  but  which  oxidizes  superficially  at  a  red-heat, 
and  again  becomes  reduced  when  the  terapei-ature  rises  to  whiteness. 

Insolubility  and  the  power  of  vaporization  are  perhaps,  bej'ond  all 
other  disturbing  causes,  the  most  potent ;  they  interfere  in  almost 
every  reaction  which  takes  place,  and  very  frequently  turn  the  scale 
when  the  opposed  forces  do  not  greatly  differ  in  energy.  It  is  easy 
to  give  examples.  When  a  solution  of  lime  in  hydrochloric  acid  is 
mixed  with  a  solution  of  carbonate  of  ammonia,  double  interchange 
ensues,  carbonate  of  lime  and  hydrochlorate  of  ammonia  being  gene- 
rated. Here  the  action  can  be  shown  to  be  in  a  great  measure  deter- 
mined by  the  insolubility  of  the  carbonate  of  lime.  Again,  dry  car- 
bonate of  lime,  powdered  and  mixed  with  hydrochlorate  of  ammonia, 
and  the  whole,  heated  in  a  retort,  gives  a  sublimate  of  carbonate  of 
ammonia,  while  chloride  of  calcium  remains  behind.  In  this  instance, 
it  is  no  doubt  the  great  volatility  of  the  new  ammoniacal  salt  which 
chiefly  determines  the  kind  of  decomposition. 

When  iron-filings  are  heated  to  redness  in  a  porcelain  tube,  and 
vapour  of  water  passed  over  them,  the  water  undergoes  decomposi- 
tion with  the  utmost  facility,  hydrogen  is  rapidly  disengaged,  and 
the  iron  converted  into  oxide.  On  the  other  hand,  oxide  of  iron 
heated  in  a  tube  through  which  a  stream  of  dry  hydrogen  is  passed, 
suffers  almost  instantaneous  reduction  to  the  metallic  state,  while 
the  vapour  of  water,  carried  forward  by  the  current  of  gas,  escapes  as 
a  jet  of  steam  from  the  extremity  of  the  tube.  In  these  expei-iments 
the  affinities  between  the  iron  and  oxygen  and  the  hydrogen  and 
oxygen  are  so  nearly  balanced,  that  the  difference  of  atmosphere  is 
sufficient  to  settle  the  point.  An  atmosphere  of  steam  offers  little  re- 
sistance to  the  escape  of  hydrogen  ;  one  of  hydrogen  bears  the  same 
relation  to  steam  ;  and  this  apparently  trifling  difference  of  circum- 
stances is  quite  enough  for  the  purpose. 

The  decomposition  of  vapour  of  water  by  white-hot  platinum, 
pointed  out  by  Mr.  Grove,  will  probably  be  referred  in  great  part  to 
this  influence  of  atmosphere,  the  steam  offering  great  facilities  for 
the  assumption  of  the  elastic  condition  by  the  oxygen  and  hych-ogen. 
The  decomposition  ceases  as  soon  as  these  gases  amount  to  about 
jJfii,  of  the  bulk  of  the  mixture,  and  can  only  be  renewed  by  their 
withdi-awal.  The  attraction  of  oxygen  for  hydrogen  is  probably  much 
weakened  by  the  very  high  temperature.  The  recombination  of  the 
gases  by  the  heated  metal  is  rendered  impossible  by  their  state  of 
dilution. 

What  is  called  the  nascent  state  is  one  very  favourable  to  chemical 
combination.  Thus,  carbon  and  nitrogen  refuse  to  combine  with 
gaseous  hydrogen  ;  yet  when  these  substances  are  simultaneously  libe- 
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rated  from  some  previous  combination,  they  unite  with  great  ease,  as 
when  organic  matters  are  destroyed  by  heat,  or  by  spontaneous  pu- 
trefactive change.  There  is  a  strange  and  extraordinary,  and  at  the 
same  time  very  extensive  class  of  actions,  grouped  together  under  the 
general  title  of  cases  of  disposing  affinity.  The  prepar-ation  of  hydro- 
gen from  zinc  and  sulphui'ic  acid  is  one  of  the  most  familiar.  A  piece 
of  polished  zinc  or  iron,  put  into  pure  water,  manifests  no  power  of 
decomposing  the  latter  to  the  smallest  extent;  it  i-emains  perfectly 
bright  for  any  length  of  time.  On  the  addition,  however,  of  a  little 
sulphuj-ic  acid,  hydrogen  is  at  once  freely  disengaged,  and  the  metal 
becomes  oxidized  and  dissolved.  Now,  the  only  intelligible  function 
of  the  acid  is  to  dissolve  off  the  oxide  as  fast  as  it  is  produced ;  but 
why  is  the  oxide  produced  when  acid  is  present,  and  not  otherwise  ? 
The  question  is  very  difficult  to  answer. 

Great  numbers  of  examples  of  this  cui'ious  indirect  action  might  be 
adduced.  Metallic  silver  does  not  oxidize  at  any  temperature ;  nay 
more,  its  oxide  is  easily  decomposed  by  simple  heat ;  yet  if  the  finely- 
divided  metal  be  mixed  with  siliceous  matter  and  alkali,  and  ignited, 
the  whole  fuses  to  a  yellow  transparent  glass  or  silicate  of  silver. 
Platinum  is  attacked  by  fused  hydrate  of  potassa  ;  hydrogen  is  pro- 
bably disengaged  while  the  metal  is  oxidized  :  this  is  an  eflect  which 
never  happens  to  silver  under  the  same  circumstances,  although  silver 
is  a  much  more  oxidable  substance  than  platinum.  The  fact  is,  that 
potassa  foms  with  the  oxide  of  the  last-named  metal  a  kind  of  saline 
combination,  in  which  the  oxide  of  platinum  acts  as  an  acid ;  and 
hence  its  formation  imder  the  disposing  influence  of  the  powerful 
base. 

In  the  remarkable  decompositions  suifered  by  vai-ious  organic  bodies 
when  heated  in  contact  with  caustic  alkali  or  lime,  we  have  other 
examples  of  the  same  fact.  Products  are  generated  which  are  never 
formed  in  the  absence  of  the  base  ;  the  reaction  is  invariably  less  com- 
plicated, and  its  results  fewer  in  number  and  more  definite,  than  in 
the  event  of  simple  destruction  by  a  graduated  heat.  The  prepara- 
tion of  light  carbonetted  hydrogen  by  the  new  artificial  process, 
already  described,  is  an  excellent  example. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  in  which 
eflFects  are  brought  about  by  the  mere  presence  of  a  substance,  which 
itself  undergoes  no  change  whatever :  the  experiment  mentioned  in 
the  article  on  oxygen,  in  which  that  gas  is  obtained,  with  the  greatest 
facility,  by  heating  a  mixture  of  chlorate  of  potassa  and  binoxide  of 
manganese,  is  an  excellent  case  in  point.  The  salt  is  decomposed 
at  a  very  far  lower  temperatm-e  than  would  otherwise  be  required. 
The  oxide  of  manganese,  however,  is  not  in  the  slightest  degree' 
altered  ;  it  is  found,  after  the  experiment,  in  the  same  state  as  before. 
The  name  kutalgsis  is  sometimes  given  to  those  peculiar  actions  of 
contact :  the  expression  is  not  significant,  and  may  be  for  that  reason 
the  more  admissible,  as  it  suggests  no  explanation. 
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It  is  proper  to  remark  that  the  contact  decompositions  alluded  to 
are  sometimes  mixed  up  with  other  effects,  which  are,  in  reality, 
much  more  intelligible,  as  the  action  of  finely-divided  platinum  upon 
certain  gaseous  mixtures,  in  which  the  solid  really  seems  to  have  the 
power  of  condensing  the  gas  upon  its  greatly-extended  sm-face,  and 
thereby  inducing  combination  by  bringing  the  particles  within  the 
sphere  of  their  mutual  attractions. 
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When  a  voltaic  cun-ent  of  considerable  power  is  made  to  traverse 
various  compound  liquids,  a  separation  of  the  elements  of  these  liquids 
ensues  :  provided  that  the  liquid  be  capable  of  conducting  a  current  of 
a  certain  degree  of  energy,  its  decomposition  almost  always  follows. 

The  elements  are  disengaged  solely  at  the  limiting  surfaces  of  the 
liquid ;  where,  according  to  the  common  mode  of  speech,  the  current 
enters  and  leaves  the  latter,  all  the  intermediate  portions  appearing 
perfectly  quiescent.  In  addition,  the  elements  are  not  separated  in- 
differently and  at  random  at  these  two  surfaces ;  but,  on  the  contrary, 
make  their  appearance  with  perfect  unifomiity  and  constancy  at  one 
or  the  other,  according  to  their  chemical  character — namely,  oxygen, 
chlorine,  iodine,  acids,  &c.,  at  the  surface  connected  with  the  copper 
or  positive  end  of  the  battery ;  hydrogen,  the  metals,  &c  ,  at  the  surface 
in  connection  with  the  zinc  or  negative  extremity  of  the  arrangement. 

The  terminations  of  the  battery  itself,  usually,  but  by  no  means 
necessarily,  of  metal,  are  designated  poles  or  electrodes*  as  by  their 
intervention  the  liquid  to  be  experimented  on  is  made  a  part  of  the 
circuit.  The  process  of  decomposition  by  the  current  is  called  electro- 
lysis,\  and  the  liquids,  which,  when  thus  treated,  yield  up  their  ele- 
ments, are  denominated  electrolytes. 

When  a  pair  of  platinum  plates  are  plunged  into  a  glass  of  water  to 
whicli  a  few  drops  of  oil  of  vitriol  have  been  added,  and  the  plates 
connected  by  wires  with  the  extremities  of  an  active  battery,  oxygen 
is  disengaged  at  the  positive  electrode,  and  hydrogen  at  the  negative, 
in  the  proportion  of  one  measure  of  the  former  to  two  of  the  latter 
nearly.    This  experiment  has  before  been  described.]; 

A  solution  of  hydrochloric  acid  mixed  with  a  little  Saxon  blue  (in- 
digo), and  treated  in  the  same  manner,  yields  hydrogen  on  the  nega- 
tive side  and  chlorine  on  the  positive,  the  indigo  there  becomfng 
bleached. 

Iodide  of  potassium  dissolved  in  water  is  decomposed  in  a  similar 
manner,  and  with  still  greater  ease :  the  free  iodine  at  the  positive 
side  can  be  recognized  by  its  brown  colour,  or  by  the  addition  of  a 
little  gelatinous  starch. 

*  From  TjAexTpov,  and  65bs,  a  way. 
f  From  fjKeKTpov,  and  Av<o,  I  loose. 
I  Page  118. 
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Every  liquid  is  not  an  electrolyte  ;  mcany  refuse  to  conduct,  and  no 
decomposition  can  then  occur  ;  alcohol,  ether,  numerous  essential  oils, 
and  other  products  of  organic  chemistry,  besides  a  few  saline  inorganic 
compounds  act  in  this  manner,  and  completely  arrest  the  current  of  a 
very  powerful  battery.  It  is  a  very  curious  fact,  and  well  deserves 
attention,  that  very  nearly,  if  not  all  the  substances  acknowledged  to 
be  susceptible  of  electrolytic  decomposition  belong  to  one  class ;  they 
ai-e  all  binary  compounds,  containing  single  equivalents  of  their  com- 
ponents, the  latter  being  strongly  opposed  to  each  other  in  their  che- 
mical relations,  and  held  together  by  very  powerful  affinities. 

The  amount  of  power  required  to  effect  decomposition  varies 
greatly  ;  solution  of  iodide  of  potassium,  melted  chloride  of  lead,  solu- 
tion of  hydrochloric  acid,  water  mixed  with  a  little  oil  of  vitriol,  and 
pure  water,  demand  in  this  respect  very  different  degrees  of  electrical 
force,  the  resistance  to  decomposition  inci'easing  from  the  first-men- 
tioned substance  to  the  last. 

One  of  the  most  important  and  indispensable  conditions  of  electro- 
lysis is  fluidity  :  bodies  which  when  reduced  to  the  liquid  condition 
fi-eely  conduct  and  as  freely  suffer  decomposition,  become  absolute 
insulators  to  the  electricity  of  the  battery  when  they  become  solid. 
Chloride  of  lead  offers  a  good  illustration  of  this  fact :  when  fused  in 
a  little  porcelain  crucible  it  gives  up  its  elements  with  the  utmost 
ease,  and  a  galvanometer,  interposed  somewhere  in  the  circuit,  is 
strongly  affected.  But  when  the  source  of  heat  is  withdrawn,  and 
the  salt  suffered  to  solidify,  all  signs  of  decomposition  cease,  and  at 
the  same  moment  the  magnetic  needle  reassumes  its  natural  position. 
In  the  same  manner  the  thinnest  film  of  ice  completely  arrests  the 
current  of  a  powerful  voltaic  apparatus  ;  the  instant  the  ice  is  liquefied 
at  any  one  point,  so  that  water-communication  may  be  i-estored  be- 
tween the  electrodes,  the  current  again  passes,  and  decomposition 
occurs.  Fusion  by  heat,  and  solution  in  aqueous  liquids,  answer 
the  purpose  equally  well. 

Generally  speaking,  compound  fluids  cannot  conduct  the  electric 
current  without  being  decomposed ;  but  still  there  are  a  few  exceptions 
to  this  statement,  which  perhaps  are  more  appai-ent  than  real.  Thus 
Hittorf  has  shown,  that  fluid  sulphide  of  silver,  which  was  formerly 
considered  to  be  one  of  the  exceptions,  cannot  be  considered  to  be  so. 

When  a  fluid,  which  can  be  decomposed,  and  a  galvanometer  are 
included  in  the  circuit  of  an  electric  current,  if  the  needle  of  the 
galvanometer  be  deflected,  it  may  be  always  assumed  as  certain  that  a 
portion  of  fluid,  bearing  a  proportion  to  the  strength  of  the  current,  is 
decomposed,  notwithstanding  it  may  be  impossible  in  many  cases, 
without  special  contrivances,  to  detect  the  products  of  the  decomposi- 
tion, on  account  of  their  minuteness. 

The  metallic  terminations  of  the  battery,  the  poles  or  electi'odes, 
have,  in  themselves,  nothing  in  the  shape  of  attractive  or  repulsive 
power  for  the  elements  so  often  separated  at  their  surfaces.  Finely- 
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divided  metal  suspended  in  water,  or  chlorine  held  in  solution  in  that 
liquid,  shows  not  the  least  symptom  of  a  tendency  to  accumulate 
around  them  ;  a  single  element  is  altogether  unaffected,  directly  at 
least ;  severance  from  previous  combination  is  required,  in  order  that 
this  appearance  should  be  exhibited. 

It  is  necessary  to  examine  the  process  of  electrolysis  a  little  more 
closely.  When  a  poi'tion  of  water,  for  example,  is  subjected  to  de- 
composition in  a  glass  vessel  with  parallel  sides,  oxygen  is  disengaged 
at  the  positive  electrode,  and  hydrogen  at  the  negative  :  the  gases 
are  perfectly  pure  and  unmixed.  If,  while  the  decomposition  is  ra- 
pidly proceeding,  the  intervening  water  be  examined  by  a  beam  of 
light,  or  by  other  means,  not  the  slightest  disturbance  or  movement 
of  any  kind  will  be  perceived  ;  nothing  like  currents  in  the  liquid  or 
bodily  transfer  of  gas  from  one  part  to  another  can  be  detected  ;  and  yet 
two  portions  of  water,  separated  perhaps  by  an  interval  of  four  or  five 
inches,  may  be  respectively  evolving  pure  oxygen  and  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all 
similar  cases  of  regular  electrolytic  decomposition  ;  this  is  by  assuming 
that  all  the  particles  of  water  between  the  electrodes,  and  by  which 
the  current  is  conveyed,  simultaneously  suffer  decomposition,  the  hy- 
drogen travelling  in  one  direction,  and  the  oxygen  in  the  other.  The 
neighbouring  elements,  thus  brought  into  close  proximity,  unite  and 
reproduce  water,  again  destined  to  be  decomposed  by  a  repetition  of 
the  same  change.  In  this  manner  each  particle  of  hydrogen  may  be 
made  to  travel  in  one  direction,  by  becoming  successively  united  to 
each  particle  of  oxygen  between  itself  and  the  negative  electrode : 
when  it  reaches  the  latter,  finding  no  disengaged  particle  of  oxygen 
for  its  reception,  it  is  rejected  as  it  were  from  the  series,  and  thrown 
off  in  a  separate  state.  The  same  thing  happens  to  each  particle 
of  oxjrgen,  which  at  the  same  time  passes  continually  in  the  opposite 
direction,  by  combining  successively  with  each  particle  of  hydrogen 


Fig.  116. 


Water  in  usual  state. 


that  moment  separated,  with  which  it  meets,  until  at  length  it  arrives 
at  the  positive  plate  or  wire,  and  is  disengaged.  A  succession  of  parti- 
cles of  hydrogen  are  thus  continually  thrown  off  from  the  decom- 
posing mass  at  one  extremity,  and  a  corresponding  succession  of  parti- 
cles of  oxygen  at  the  other.  The  power  of  the  current  is  exerted  with 
equal  energy  iu  every  part  of  the  liquid  conductor,  although  its  effects 
only  become  manifest  at  the  very  extremities.    The  action  is  one  of  a 
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purely  molecular  or  internal  nature,  and  the  metallic  terminations  of 
the  buttery  merely  serve  the  purpose  of  completing  the  connection  be- 
tween the  latter  and  the  liquid  to  be  decomposed.  Tlie  figures  IIG 
and  117  are  intended  to  assist  the  imagination  of  the  reader,  who 
must  at  the  same  time  avoid  regardinglhem  in  any  other  light  than 
that  of  a  somewhat  figurative  mode  of  representing  the  curiSus  phe- 
nomena described.  The  circles  are  intended  to  indicate  the  elements, 
and  are  distinguished  by  their  respective  symbols. 

Fig.  111. 
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Water  undergoii-g  electrolysis. 


A  distinction  is  to  be  carefully  drawn  between  true  and  regular  elec- 
trolysis, and  what  is  called  secondary  decomposition,  brought  about  by 
the  reaction  of  the  bodies  so  eliminated  upon  the  surrounding  fluid,  or 
upon  the  substance  of  the  electrodes  :  hence  the  advantage  of  platinum 
for  the  latter  purpose  when  electrolytic  actions  are  to  be  studied  in  their 
greatest  simplicity,  that  metal  being  scarcely  attaclted  by  any  ordinary 
agents.  When,  for  example,  a  solution  of  nitrate  or  acetate  of  lead  is 
decomposed  by  the  current  between  platinum  plates,  metallic  lead  is 
deposited  at  the  negative  side,  and  a  brown  powder,  binoside  of  lead, 
at  the  positive  :  the  latter  substance  is  the  residt  of  a  secondaiy  action ; 
it  proceeds,  in  fact,  from  the  nascent  oxygen  at  the  moment  of  its 
liberation  reacting  upon  the  protoxide  of  lead  piesent  in  the  salt,  and 
converting  it  into  binoxide,  wliich  is  insoluble  in  the  dilute  acid.  There 
is  every  reason  to  believe  that  wlien  sulphuric  and  nitric  acids  seem  to 
be  decomposed  by  the  current,  the  effect  is  really  due  to  the  water  they 
contain  becoming  decomposed,  and  reacting  by  its  hydrogen  upon  the 
acid,  for  these  bodies  do  not  belong  to  the  class  of  electrolytes,  as 
already  specified,  and  would  probably  refuse  to  conduct  could  they  be 
examined  in  an  anhydi  ous  condition. 

If  a  number  of  difleient  electrolytes,  such  as  acidulated  water, 
sulphate  of  copper,  iodide  of  potassium,  fused  chloride  of  lead,  &c.,  be 
arranged  in  a  series,  and  tiie  same  current  be  made  to  traverse  the 
whole,  all  will  suffer  decomposition  at  the  same  time,  but  by  no  means 
to  the  same  amount.  If  arrangements  be  made  by  which  the  quan- 
tities of  the  eliminated  elements  can  be  accurately  ascertained,  it  will 
be  found,  when  tlie  decomposition  has  proceeded  to  some  extent,  that 
these  latter  will  have  been  disengaged  exactly  in  the  ratio  of  the  chc- 
iiucat  equivalents .  The  same  current  which  decomposes  9  parts  of 
water,  will  separate  into  their  elements  166  parts  of  iodide  of  potas- 
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Fig.  118. 


sium,  139-2  parts  of  chloride  of  lead,  &c.  Hence  the  very  important 
conclusion  :— The  action  of  the  current  is  perfectly  deHnite  in  its 
nature,  producing  a  fixed  and  constant  amount  of  decomposition, 
expressed  in  each  electrolyte  by  the  value  of  its  chemical  equivalent. 

From  a  very  extended  series  of  experiments,  hased  on  this  and  other 
methods  of  research,  Mr.  Faraday  was  enabled  to  draw  the  general 
inference  that  effects  of  chemical  decomposition  were  always  propor- 
tionate to  tlie  quantity  of  circulating  electricity,  and  might  be  taken 
as  an  accurate  and  trustworthy  measure 
of  the  latter.  Guided  by  this  highly- 
important  principle,  he  constructed  his 
voltameter,  an  instrument  which  has  ren- 
dered the  greatest  service  to  electrical 
science.  This  is  merely  an  arrange- 
ment by  which  a  little  acidulated  water 
is  decomposed  by  the  current,  the  gas 
evolved  being  collected  and  measured. 
By  placing  such  an  insti  umeut  in  any 
pai't  of  the  circuit,  the  quantity  of  elec- 
tric force  necessary  to  produce  any  given 
effect  can  be  at  once  estimated  ;  or,  on 
the  other  hand,  any  required  amount 
of  the  latter  can  be,  as  it  were,  mea- 
sured out  and  adjusted  to  the  object  in 
view.    The  voltameter  has  received 

many  different  forms  ;  one  of  the  most  extensively  useful  is  that  figured, 
in  which  the  platinum  plates  are  separated  by  a  very  small  iutervsil, 
and  the  gas  is  collected  in  a  graduated  jar  standing  on  the  shelf  of  the 
pneumatic  trough,  the  tube  of  the  instrument,  which  is  filled  to  the 
neck  with  dilute  sulphuric  acid,  being  passed  beneath  the  jar. 

The  decomposition  of  the  voltaic  battery  can  be  efiected  by  the  elec- 
tricity of  the  common  machine,  by  that  developed  by  magnetic  action, 
and  by  that  of  animal  origin,  but  to  an  extent  incomparably  more  mi- 
nute. This  arises  from  the  very  small  quantity  of  electricity  set  in 
motion  by  the  machine,  although  its  tension,  that  is,  power  of  over- 
coming obstacles,  and  passing  through  imperfect  conductors,  is  exceed- 
ingly great.  A  pair  of  small  wires  of  zinc  and  platinum,  dipping  into 
a  single  drop  of  dilute  acid,  develop  f;^r  more  electricity,  to  judge  from 
the  chemical  effects  of  such  an  arrangement,  than  very  many  turns  of 
a  large  plate  electrical  machine  in  powerful  action.  Nevertheless,  polar 
or  electrolytic  decomposition  can  be  distinctly  and  satisfactorily  effected 
by  the  latter,  although  on  a  minute  scale. 

With  a  knowledge  of  the  principles  laid  down,  the  study  of  the  vol- 
taic battery  may  be  resumed  and  completed.  In  the  first  place,  two  very 
different  views  have  been  held  concerning  the  source  of  the  electrical 
disturbance  in  that  apparatus.  Volta  himself  ascribed  it  to  mere  con- 
tact of  dissimilar  metals  ;  to  what  was  denominated  an  electro-motive 
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force,  called  into  being  by  such  contact ;  the  liquid  merely  serving  the 
purpose  of  a  conductor  between  one  pair  of  metals  ;uid  that  succeeding. 
Proof  was  supposed  to  be  given  of  the  fundamental  position  by  an 
experiment  in  which  discs  of  zinc  and  copper  attached  to  insulating 
handles,  after  being  brought  into  close  contact,  were  found,  by  the  aid 
of  a  very  delicate  gold-leaf  electroscope,  to  be  iu  opposite  electrical 
states.  It  appears,  however,  that  the  more  carefully  this  experiment 
is  made,  the  smaller  is  the  effect  observed ;  and  hence  it  is  judged 
highly  probable  that  the  whole  may  be  due  to  accidental  causes,  against 
which  it  is  almost  impossible  to  guard. 

On  the  other  hand,  the  obsei-vation  was  soon  made  that  the  power 
of  the  battery  always  bore  some  kind  of  proportion  to  the  chemical 
action  upon  the  zinc ;  that,  for  instance,  when  pure  water  was  used 
the  effect  was  extremely  feeble  ;  with  a  solution  of  salt,  it  became  much 
gi'eater ;  and,  lastly,  with  dilute  acid,  greatest  of  all ;  so  that  some 
relation  evidently  existed  between  the  chemical  effect  upon  the  metal, 
and  the  evolution  of  electrical  force. 

The  experiments  of  Mr.  Faraday  and  Professor  Daniell  have  given 
very  great  support  to  the  chemical  theory,  by  showing  that  the  contact 
of  dissimilar  metals  is  not  necessary  in  order  to  call  into  being  powerful 
electrical  currents,  and  that  the  development  of  electrical  force  is  not 
only  in  some  way  connected  with  the  chemical  action  of  the  liquid  of 
the  battery,  but  that  it  is  always  in  direct  proportion  to  the  latter. 

One  very  beautiful  experiment,  in  which  decom- 
position of  iodide  of  potassium  by  real  electrolysis 
is  performed  by  a  current  generated  without  any 
contact  of  dissimilar  metals,  can  be  thus  made  : — 
A  plate  of  zinc  is  bent  at  a  light  angle,  and  cleaned 
by  rubbing  with  sand-paper.  A  plate  of  platinum 
has  a  wire  of  the  same  metal  attached  to  it  by  care- 
ful riveting,  and  the  latter  bent  into  an  arch.  A 
piece  of  folded  filter-paper  is  wetted  with  solution 
of  iodide  of  potassium,  and  placed  upon  the  zinc ; 
the  platinum  plate  is  arranged  opposite  to  the  latter, 
with  the  end  of  its  wire  resting  upon  the  paper,  and 
then  the  pair  plunged  into  a  glass  of  dilute  sulphuric 
acid,  mixed  with  a  few  drops  of  nitric.  A  brown 
spot  of  iodine  becomes  in  a  moment  evident  beneath 
the  extremity  of  the  platinum  wire  ;  that  is,  at  the  positive  side  of  the 
arrangement. 

A  strong  argument  in  favour  of  the  chemical  view  is  founded  on 
the  easily-proved  fact,  that  the  direction  of  the  current  is  determined 
by  the  kind  of  action  upon  the  metals,  the  one  least  attacked  being 
always  positive.  Let  two  polished  plates,  the  one  iron  and  the  other 
copper,  be  connected  by  wires  with  a  galvanometei-,  and  then  im- 
mersed in  a  solution  of  an  alkaline  sulphide.  The  needle  in  a 
moment  indicates  a  powerful  cm-rent,  passing  from  tlie  copper  through 
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the  liquid,  to  the  iron,  and  back  again  through  the  wire.  Let  the 
plates  be  now  removed,  cleaned,  and  plunged  into  dilute  acid  ;  the 
needle  is  again  driven  round,  but  in  the  opposite  direction,  the  current 
now  passing  from  the  iron,  through  the  liquid,  to  the  copper.  In  the 
first  instance  the  copper  is  acted  upon,  and  not  the  iron;  in  the 
second,  these  conditions  are  reversed,  and  with  them  the  direction  of  the 
current. 

The  metals  employed  in  the  practical  construction  of  voltaic  batteries 
are  zinc  for  the  active  metal,  and  copper,  silver,  or,  still  better,  plati- 
num for  the  inactive  one  :  the  greater  the  difference  of  oxidability,  the 
better  the  arrangement.  The  liquid  is  either  dilute  sulphuric  acid, 
sometimes  mixed  with  a  little  nitric,  or  occasionally,  where  very  slow 
and  long-continued  action  is  wanted,  salt  and  water.  To  obtain  the 
maximum  effect  of  the  apparatus  with  the  least  expenditure  of  zinc, 
that  metal  must  be  employed  in  a  pure  state,  or  its  surface  must  be 
covered  by  an  amalgam  of  mercury,  which  in  its  electrical  relations 
closely  resembles  the  pure  metal.  The  zinc  is  easily  brought  into  this 
condition  by  wetting  it  with  dilute  sulphuric  acid,  and  then  rubbing  a 
little  mercury  over  it,  by  means  of  a  piece  of  rag  tied  to  a  stick. 

The  principle  of  the  compound  battery  is,  perhaps,  best  seen  in  the 
crown  of  cups  :  by  each  alternation  of  zinc,  fluid,  and  copper,  the  cur- 
rent is  urged  forwards  with  increased  energy;  its  intensity  is  aug- 
mented, but  the  actual  amount  of  electrical  force  thrown  into  the  cur- 
rent form  is  not  increased.  The  quantity,  estimated  by  its  decompos- 
ing power,  is,  in  fact,  determined  by  that  of  the  smallest  and  least 
active  pair  of  plates,  the  quantity  of  electricity  in  every  part  or  section 
of  the  circuit  being  exactly  equal.  Hence  large  and  small  plates,  bat- 
teries strongly  and  weakly  charged,  can  never  be  connected  without 
great  loss  of  power. 

When  a  battery,  either  simple  or  compound,  constructed  with  pure 
or  with  amalgamated  zinc,  is  charged  with  dilute  sulphuric  acid,  a 
number  of  highly-interesting  phenomena  may  be  observed.  While 
the  circuit  remains  broken  the  zinc  is  perfectly  inactive,  no  water  is 
decomposed,  no  hydrogen  liberated  ;  but  the  moment  the  connection  is 
completed,  torrents  of  hydrogen  arise,  not  from  the  zinc,  but  from  the 
copper  or  platinum  surfaces  alone,  while  the  zinc  undergoes  tranquil 
and  imperceptible  oxidation  and  solution.  Thus,  exactly  the  same 
efl'ects  are  seen  to  occur  in  every  active  cell  of  a  closed  circuit,  which 
are  witnessed  in  a  portion  of  water  undergoing  electrolysis:  the 
oxygen  appears  at  the  positive  side,  with  respect  to  the  current,  and 
the  hydrogen  at  the  negative  ;  but  with  this  difference,  that  the 
oxygen,  instead  of  being  set  free,  combines  with  the  zinc.  It  is,  in 
fact,  a  real  case  of  electrolysis,  and  electrolytes  alone  are  available  as 
exciting  liquids. 

Common  zinc  is  very  readily  attacked  and  dissolved  by  dilute  sul- 
phuric acid ;  and  this  is  usually  supposed  to  arise  from  the  formation 
of  a  multitude  of  little  voltaic  circles,  by  the  aid  of  particles  of  foreio'n 
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metals  or  plumbago,  partially  imbedded  in  the  zinc.  This  gives  rise 
in  the  battery  to  what  is  called  local  action,  by  which  in  the  common 
forms  of  apparatus  three-fourths  or  more  of  the  metal  are  often  con- 
sumed, without  contributing  in  the  least  to  the  general  effect,  but,  on 
the  contrary,  injuring  the  latter  to  some  extent.  This  evil  is  got  rid 
of  by  amalgamating  the  surface. 

From  experiments  very  carefully  made  with  a  "  dissected''  battery 
of  peculiar  construction,  in  which  local  action  was  completely  avoided, 
it  has  been  distinctly  proved  that  the  quantity  of  electricity  set  in  mo- 
tion by  the  battery  varies  exactly  with  the  zinc  dissolved.  Coupling 
this  fact  with  that  of  the  definite  action  of  the  current,  it  will  be  seen, 
that  when  a  perfect  battery  of  this  kind  is  employed  to  decompose 
water,  in  order  to  evolve  1  grain  of  hydrogen  from  the  latter,  33  grains 
of  zinc  must  be  oxidized  and  its  equivalent  quantity  of  hydrogen  dis- 
engaged in  each  active  cell  of  the  battery.  That  is  to  say,  that  the 
electrical  force  generated  by  the  oxidation  of  an  equivalent  of  zinc  in 
the  battery,  is  capable  of  effecting  the  decomposition  of  an  equivalent 
of  water,  or  any  other  electrolyte  out  of  it. 

This  is  an  exceedingly  important  discovery  ;  it  serves  to  show,  in 
the  most  striljing  manner,  the  intimate  nature  of  the  connection  be- 
tween chemical  and  electrical  forces,  and  their  remarkable  quantitative 
or  equivalent  relations.  It  almost  seems,  to  use  an  expression  of  Mr. 
Fai'aday,  as  if  a  transfer  of  chemical  force  took  place  through  the  sub- 
stance of  solid  metallic  conductors  ;  that  chemical  actions,  called  into 
play  in  one  portion  of  the  circuit,  could  be  made  at  pleasure  to  exhibit 
their  effects  without  loss  or  diminution  in  any  other.  There  is  an 
hypothesis,  not  of  recent  date,  long  countenanced  and  supported  by 
the  illustrious  Berzelius,  which  refers  all  chemical  phenomena  to  elec- 
trical forces  :  which  supposes  that  bodies  combine  because  they  are  in 
opposite  electrical  states  :  even  the  heat  and  light  accompanying  che- 
mical union  may  be,  to  a  certain  extent,  accounted  for  in  this  manner. 
In  short,  we  are  in  such  a  position,  that  either  may  be  assumed  as 
cause  or  effect :  it  may  be  that  electricity  is  merely  a  form  or  modifi- 
cation of  ordinary  chemical  affinity ;  or,  on  the  other  hand,  that  all 
chemical  action  is  a  manifestation  of  electrical  force. 

One  of  the  most  useful  forms  of  the  common  voltaic  battery  is  that 
contrived  by  Dr.  Wollaston  (fig.  120).  The  copperismade  completely 
to  encircle  the  zinc  plate,  except  at  the  edges,  tne  two  metals  being 
kept  apart  by  pieces  of  cork  or  wood.  Each  zinc  is  soldered  to  the  pre- 
ceding copper,  and  the  whole  screwed  to  a  bar  of  dry  mahogany,  so 
that  the  plates  can  be  lifted  into  or  out  of  the  acid,  which  is  contained 
in  an  earthenware  trough,  divided  into  separate  cells.  The  liquid 
consists  of  a  mixture  of  100  parts  water,  2^  parts  oil  of  vitriol,  and 
2  parts  commercial  nitric  acid,  all  by  measure.  A  number  of  sucli 
batteries  are  easily  connected  together  by  straps  of  sheet  copper,  and 
admit  of  being  put  into  action  with  great  ease. 

The  great  objection  to  this  and  to  all  the  older  forms  of  the  voltaic 
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battery  is,  that  the  power  rapidly  decreases,  so  that,  after  a  short  time 
scarcely  the  tenth  part  of  the  original  action  remains     This  loss  of 
power  depends  partly  on  the  gradual  change  of  the  sulphuric  acid  into 
sulphate  of  zinc,  but  still  more  on  the  coating  of  hydrogen,  and,  at  a 
later  stage,  on  the  precipitation  of  metallic  zinc  on  the  copper  plates. 

Fig.  120. 


It  is  self-evident  that  if  the  copper  plate  in  the  fluid  became  covered 
with  zinc,  it  would  electrically  act  like  a  zinc  plate.  This  is  precisely 
the  action  of  the  hydrogen,  whereby  a  decrease  of  electrical  power  is 
produced.  This  effect,  produced  by  the  substances  separated  fi-om  the 
liquid,  is  commonly  called  polarization. 

An  instrument  of  immense  value  for  purposes  of  electro-chemical  re- 
search, in  which  it  is  desired  to  maintain  powerful  and  equable  currents 
for  many  successive  hours,  has  been  contrived  by  Professor  Daniell 
(fig.  121).  Each  cell  of  this  ''constant"  battery  consists  of  a  copper 
cylinder  31  inches  in  diameter,  and  of  a  height  vaiying  from  6  to  18 
inches.  The  zinc  is  employed  in  the  form  of  a  rod  ^  of  an  inch  in 
diameter,  carefully  amalgamated,  and  suspended  in  the  centi'e  of  the 
cylinder.  A  second  cell  of  porous  earthenware  or  animal  membrane 
intervenes  between  the  zinc  and  the  copper ;  this  is  filled  with  a  mix- 
ture of  1  part  by  measure  of  oil  of  vitriol  and  8  of  water",  and  the  ex- 
terior space  with  the  same  liquid,  saturated  with  sulphate  of  copper. 
A  sort  of  little  colander  is  fitted  to  the  top  of  the  cell,  in  which  crys- 
tals of  the  sulphate  of  copper  are  placed,  so  that  the  strength  of  the 
solution  may  remain  unimpaired.  When  a  communication  is  made 
by  a  wire  between  the  rod  and  the  cylinder,  a  powerful  current  is 
produced,  the  power  of  which  may  be  increased  to  any  extent,  by  con- 
necting a  sufficient  number  of  such  cells  into  a  series,  on  the  principle 
of  the  crown  of  cups,  the  copper  of  the  first  being  attached  to  the 
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zinc  of  the  second.  Ten  such  alternations  constitute  a  very  powerful 
apparatus,  which  has  the  great  advantage  of  retaining  its  energy  un- 
diminished for  a  lengthened  period. 

By  this  arrangement  of  the  electi-ic  battery, 
the  polarization  of  the  copper  plate  is  altogether 
' —  avoided;  the  zinc  in  the  porous  cell,  whilst  it 
dissolves  in  the  sulphuric  acid  indeed  decomposes 
water,  but  does  not  liberate  any  hydrogen,  for 
by  the  progress  of  the  decomposition  (see 
p.  216)  up  to  the  boimdary  of  the  copper  solu- 
tion, the  hydrogen  takes  the  place  of  the  copper, 
and  thus  ultimately  the  copper  is  precipitated 
on  the  copper  plate.  The  copperplate  therefore 
remains  in  its  original  state,  so  long  as  a 
sufficient  quantity  of  sulphate  of  copper  is 
present  in  the  solution. 

By  increasing  the  generative  and  reducing 
the  antagonizing  chemical  affinities,  Mr.  Grove 
succeeded  in  forming  the  constant  nitric  acid 
battery,  which  bears  his  name.  This  instru- 
ment is  capable  of  producing  a  far  greater 
degree  of  power  than  the  battery  previously 
mentioned,  and  hence,  it  has  become  one  of  the 
most  important  means  of  promoting  electrical 
science  in  the  present  day.  The  zinc  dips  into 
dilute  sulphuric  acid  ;  and  instead  of  a  solution  of  copper,  concentrated 
nitric  acid  is  used  which  surrounds  a  platinum  plate.  It  is  evident 
that  the  electrolytic  action  which  begins  at  the 
zinc,  passes  through  the  sulphuric  acid,  and  in 
precisely  similar  way  through  the  contiguous 
nitric  acid.  Hydrogen  would  thus  be  liberated 
on  the  platinum  plate.  This  action  is  not 
perceptible  by  the  evolution  of  gas,  but  only 
gradually  by  the  change  of  colour  in  the 
nitric  acid,  for  the  hydrogen  liberated  by  the 
electrical  action,  again  forms  water  at  the 
expense  of  the  oxygen  yielded  with  a  minimimi 
resistance  by  the  nitric  acid  ;  and  by  this 
means,  so  long  as  sufficient  nitric  acid  is  pre- 
sent, the  purity  of  the  surface  of  the  platinum 
plate  is  maintained. 

One  of  the  cells  in  this  batteiy  is  represented 
in  the  margin,  in  section  (fig.  122).  The  zinc 
plate  is  bent  round,  so  as  to  present  a  double 
surface,  and  well  amalgamated;  within  it  stands  a  thin  flat  cell  of 
porous  earthenware,  filled  with  strong  nitric  acid,  and  the  whole  is 
immersed  in  a  mixture  of  1  p;u-t  by  measure  of  oil  of  vitriol  and  6 
of  water,  contained  either  in  one  of  the  cells  of  WoUaston's  trough,  or 
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Fig.  123. 


in  a  separate  cell  of  glazed  porcelain,  made  for  the  purpose.  The 
apparatus  is  completed  by  a  plate  of  platinum  foil  which  dips  into 
the  nitric  acid,  and  forms  the  positive  side  of  the  arrangement.  With 
ten  such  pairs,  experiments  of  decomposition,  iguition  of  wires,  the 
light  between  charcoal  points,  &c.,  can  be  exhibited  with  great 
brilliancy,  while  the  battery  itself  is  very  compact  and  portable,  and, 
to  a  great  extent,  constant  in  its  action.  The  zinc,  as  in  the  case 
of  Professor  Daniell's  battery,  is  only  consumed  while  the  current 
passes,  so  that  the  apparatus  may  be  arranged  an  hour  or  two  before 
it  is  required  for  use,  which  is  often  a  matter  of  great  convenience ; 
and  loc^l  action  from  the  precipitation  of  copper  on  the  zinc  is  avoided. 

Professor  Bunsen  has  modified  the  Grove  battery  by  substituting 
for  the  platinum  dense  charcoal  or  coke,  which  is  an  excellent  con- 
ductor of  electricity.  By  this  alteration,  at  a  very  small  expense,  a 
battery  may  be  made  as  powerful  and  useful  as  that  of  Grove.  On 
account  of  its  cheapness  any  one  may  put  together  one  hundred  or 
more  of  Bunsen's  cells  ;  by  which  the  most  magnificent  phenomena  of 
heat  and  light  may  be  obtained. 

The  accompanying  figure  shows  the  form  of 
the  round  carbon  cylinder,  which  is  used  in  these 
cells.  It  is  hollowed  so  as  to  receive  a  porous 
earthenware  cell,  in  which  a  round  plate  of  zinc  is 
placed.  The  upper  edge  of  the  cylinder  of  carbon 
is  well  saturated  with  wax,  and  is  surrounded  by 
a  copper  ring,  by  means  of  which  it  may  be  put 
in  connection  with  the  zinc  of  the  adjoining  pair, 

Mr.  Smee  has  contrived  an  ingenious  battery, 
in  which  silver  covered  with  a  thin  coating  of 
finely-divided  metallic  platinum  is  employed  in 
association  with  amalgamated  zinc  and  dilute  sul- 
phuric acid.  The  rough  surface  appears  to  permit 
the  ready  disengagement  of  the  bubbles  of  hydrogen. 

Within  the  last  ten  or  twelve  years  several  very  beautiful  and  suc- 
cessful applications  of  voltaic  electricity  have  been  made,  which  may 
be  slightly  mentioned.  Mr.  Spencer  and  Professor  Jacobi  have  em- 
ployed it  in  copying,  or  rather  in  multiplying,  engraved  plates  and 
medals,  by  depositing  upon  their  surfaces  a  thin  coating  of  metallic 
copper,  which,  when  separated  from  the  original,  exhibits,  in  reverse, 
a  most  faithful  representation  of  the  latter.  By  using  this  in  its  tm-n 
as  a  mould  or  matrix,  an  absolutely-perfect  facsimile  of  the  plate  or 
medal  is  obtained.  In  the  former  case,  the  impressions  taken  on  paper 
are  quite  indistinguishable  from  those  directly  derived  from  the  work 
of  the  artist ;  and  as  there  is  no  limit  to  the  nmuber  of  electrotype 
plates  which  can  be  thus  produced,  engravings  of  the  most  beautiful 
description  may  be  multiplied  indefinitely.  The  copper  is  very  touo-h, 
and  bears  the  action  of  the  press  perfectly  well.  ° 
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The  apparatus  used  in  this  and  many  similar  processes  is  of  the 
simplest  possible  kind.  A  trough  or  cell  of  wood  is  divided  by  a 
porous  diaphragm,  made  of  a  very  thin  piece  of  syca- 
Mg.  124.  more,  into  two  parts ;  dilute  sulphuric  acid  is  put  on 
one  side,  and  a  saturated  solution  of  sulphate  of  copper, 
sometimes  mixed  with  a  little  acid,  on  the  other.  A 
plate  of  zinc  is  soldered  to  a  wire  or  strap  of  copper, 
the  other  end  of  which  is  secured  by  similar  means  to  the 
engraved  copper  plate.  The  latter  is  then  immersed  in 
the  solution  of  sulphate,  and  the  zinc  in  the  acid.  To 
prevent  deposition  of  copper  on  the  back  of  the  copper 
plate,  that  portion  is  covered  with  varaish.  For  medals 
and  small  works  a  porous  earthenware  cell,  placed  in 
a  jelly-jar,  may  be  used. 

Other  metals  may  be  precipitated  in  the  same  manner, 
in  a  smooth  and  compact  form,  by  the  use  of  certain 
precautions  which  have  been  gathei-ed  by  experience. 
Electro-gilding  and  plating  are  now  carried  on  very 
largely  and  in  great  perfection  by  Messrs.  Elkington  and  others. 
Even  non-conducting  bodies,  as  sealing-wax  and  plaster  of  Paris,  may 
be  coated  with  metal ;  it  is  only  necessary,  as  Mr.  Murray  has  shown, 
to  rub  over  them  the  thinnest  possible  film  of  plumbago.  Seals  may 
tlius  be  copied  in  a  very  few  hours  with  unerring  truth. 

M.  Becquerel,  several  years  ago,  published  an  exceedingly  interest- 
ing account  of  certain  experiments,  in  which  crystallized  metals, 
oxides,  and  other  insoluble  substances  had  been  produced  by  the  slow 
and  continuous  action  of  feeble  electrical  currents,  kept  up  for  months, 
or  even  yeai-s.  These  products  exactly  resemble  natural  minerals, 
and,  indeed,  the  experiments  threw  great  light  on  the  formation  of  the 
latter  within  the  earth.* 

The  common  but  very  pleasing  experiment  of 
the  lead  tree  is  greatly  dependent  on  electro- 
chemical action.  When  a  piece  of  zinc  is  sus- 
pended in  a  solution  of  acetate  of  lead,  the  first 
effect  is  the  decomposition  of  a  portion  of  the 
latter,  and  the  deposition  of  metallic  lead  upon  the 
surface  of  the  zinc  ;  it  is  simply  a  displacement  of 
a  metal  by  a  more  oxidable  one.  The  change  does 
not,  however,  stop  here ;  metallic  lead  is  still  de- 
posited in  large  and  beautiful  plates  upon  that  first 
thrown  down,  until  the  solution  becomes  exhausted, 
or  the  zinc  entirely  disappears.  The  first  portions 
of  lead  form  with  the  zinc  a  voltaic  arrangement 
of  sufficient  power  to  decompose  the  salt;  under 
the  peculiar  circumstances  in  which  the  latter  is  placed,  the  metal  is 
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precipitated  upon  the  negative  portion,  that  is,  the  lead,  while  the 
oxygen  and  acid  are  taken  up  by  the  zinc. 

Mr.  Grove  has  contrived  a  battery  in  which  an  electrical  current, 
of  sufficient  intensity  to  decompose  water,  is  produced  by  the  reaction 
of  oxygen  upon  hydrogen.  Each  element  of  this  interesting  apparatus 
consists  of  a  pair  of  glass  tubes  to  contain  the  gases,  dipping  into  a 
vessel  of  acidulated  water.  Both  tubes  contain  platinum  plates, 
covered  with  a  rough  deposit  of  finely-divided  platinum,  and  furnished 
with  conducting  wires,  which  pass  through  the  tops  or  sides  of  the 
tubes,  and  are  hermetically  sealed  into  the  latter.  When  the  tubes 
are  charged  with  oxygen  on  the  one  side  and  hydrogen  on  the  other, 
and  the  wires  connected  with  a  galvanoscope,  the  needle  of  the  instru- 
ment becomes  instantly  affected  ;  and  when  ten  or  more  are  combined 
in  a  series,  the  oxygen-tube  of  the  one  with  the  hydrogen-tube  of  the 
next,  &c.,  while  the  terminal  wires  dip  into  acidulated  water,  a  rapid 
stream  of  minute  bubbles  from  either  wire  indicates  the  decomposition 
of  the  liquid  ;  and  when  the  experiment  is  made  with  a  small  volta- 
meter, it  is  found  that  the  oxygen  and  hydrogen  disengaged  exactly 
equal  in  amount  the  quantities  absorbed  by  the  act  of  combination  in 
each  tube  of  the  battery. 


Q 
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The  metals  constitute  the  second  and  larger  group  of  elementary 
bodies.  A  great  nvimber  of  these  are  of  very  rare  occurrence,  being 
found  only  in  a  few  scarce  minerals ;  others  are  more  abundant,  and 
some  few  almost  universally  diffused  throughout  the  whole  globe. 
Some  of  these  bodies  are  of  most  importance  when  in  the  metallic 
state ;  others,  when  in  combination,  chiefly  as  oxides,  the  metals 
themselves  being  almost  unknown.  Many  are  used  in  medicine  and 
in  the  arts,  and  are  essentially  connected  with  the  progress  of  civili- 
zation. 

If  arsenic  and  tellurium  be  included,  the  metals  amount  to  forty- 
nine  in  number. 

Fhijsioal  Properties. — One  of  the  most  remarkable  and  striking 
characters  possessed  by  the  metals  is  their  peculiar  lustre  :  this  is  so 
characteristic,  that  the  expression  metallic  lustre  has  passed  into 
common  speech.  This  property  is  no  doubt  connected  witli  the  extra- 
ordinary degree  of  opacity  which  the  metals  present  in  every  instance. 
The  tliinnest  leaves  or  plates,  the  edges  of  crystalline  lamintE,  ai-rest 
the  passage  of  light  in  the  most  complete  manner.  An  exception  to 
this  rule  is  usually  made  in  favour  of  gold-leaf,  which  when  held  up  to 
the  daylight  exhibits  a  greenish  colom-,  as  if  it  were  really  endned  with 
a  certain  degree  of  translucency ;  the  metallic  film  is,  however,  always 
so  imperfect  that  it  becomes  difficult  to  say  whether  the  observed 
effect  may  not  be  in  some  measure  due  to  multitudes  of  little  holes, 
many  of  which  are  visible  to  the  naked  eye. 

In  point  of  colour,  the  metals  present  a  certain  degree  of  unifor- 
mity :  with  two  exceptions,  viz.  copper,  which  is  red,  and  gold,  wliich 
is  yellow,  all  these  bodies  are  included  between  the  pure  white  of 
silver,  and  the  bluish-grey  tint  of  lead;  bismuth,  it  is  true,  has  a 
pinkish  colour,  but  it  is  very  feeble. 

The  differences  of  specific  gravity  are  very  wide,  passing  from 
potassium  and  sodium,  which  are  lighter  than  water,  to  platinum, 
which  is  nearly  twenty-one  times  heavier  than  an  equal  bulk  of  that 
fluid. 
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Table  of  the  Specific  Gravities  of  Metals  at  60^  (15° '50).* 


Platinum 
Gold  . 
Tungsten 
Mercury 
Palladium 
Lead 
Silver 
Bismuth 
Uranium 
Copper  . 
Cadmium 
Cobalt  .. 
Nickel 
Iron 

Molybdenum 

Tin 

Zinc 

Manganese 
Antimony  . 
Tellui'ium 
Ai-senic 
Aluminium 
Magnesium 
Sodium 
Potassium  , 


20-98 
19-26 
17-60 
13-57 

11-30  to  11 
11-35 
10-47 
9-82 
9-00 
8-89 
8-60 
8-54 
8-28 
•79 
•40 
•29 

•86  to  7*1 
•85 
•70 
•11 
•88 
•60t 
•70 
0^972 
©•865 


8 


3- 
7- 
7' 
T 
6' 
6- 
6- 
5- 
2  • 
1 


The  property  of  malleability,  or  power  of  extension  under  the 
hammer,  or  between  the  rollers  of  the  flatting-mill,  is  enjoyed  by  cer- 
tain of  the  metals  to  a  very  great  extent.  Gold-leaf  is  a  remarkable 
example  of  the  tenuity  to  which  a  malleable  metal  may  be  brought  by 
suitable  means.  The  gilding  on  silver  wire  used  in  the  manufacture 
of  gold  lace  is  even  thinner,  and  yet  presents  an  unbroken  surface. 
Silver  may  be  beaten  out  very  thin ;  copper  also,  but  to  an  inferior 
extent ;  tin  and  platinum  are  easily  rolled  out  into  foil :  iron,  palla- 
dium, lead,  nickel,  cadmium,  the  metals  of  the  alkalis,  and  mercury, 
when  solidified,  are  also  malleable.  Zinc  may  be  placed  mid-way 
between  the  malleable  and  brittle  division;  then  perhaps  bismuth, 
and,  lastly,  such  metals  as  antimony  and  arsenic,  which  are  altogether 
destitute  of  malleability. 

The  specific  gi'avity  of  malleable  metals  is  usually  very  sensibly 
increased  by  pressure  or  blows,  and  the  metals  themselves  rendered 


*  Dr.  Turner's  Elements,  eighth  edition,  p.  345. 


t  Wobler. 
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much  harder,  with  a  tendency  to  brittleness.  This  condition  is  de- 
stroyed and  the  former  soft  state  restored  by  the  operation  of  anneal- 
ing, which  consists  in  heating  the  metal  to  redness  out  of  contact  with 
air  (if  it  will  bear  that  temperature  without  fusion),  and  cooling  it 
quickly  or  slowly  according  to  the  circumstances  of  the  case.  After 
this  operation,  it  is  found  to  possess  its  original  specific  gi-avity. 

Ductility  is  a  property  distinct  from  the  last,  inasmuch  as  it  in- 
volves the  principle  of  tenacity,  or  power  of  resisting  tension.  The 
art  of  wire-drawing  is  one  of  great  antiquity ;  it  consists  in  drawing 
rods  of  metal  through  a  succession  of  trumpet-shaped  holes  in  a  steel 
plate,  each  being  a  little  smaller  than  its  prede- 
cessor, until  the  requisite  degree  of  fineness  is 
attained.  The  metal  often  becomes  very  hard 
and  rigid  in  this  process,  and  is  then  liable  to 
break ;  this  is  remedied  by  annealing.  The 
order  of  tenacity  among  the  metals  susceptible 
of  being  easily  drawn  into  wire  is  the  following  : 
it  is  determined  by  observing  the  weights  re- 
quired to  break  asunder  wires  drawn  through  the 
same  orifice  of  the  plate : 


Pig.  126. 


e 

e 

o 

: 

Iron 
Copper 
Platinum 
Silver 


Gold 
Zinc 
Tin 
Lead. 


Metals  dififer  as  much  in  fusibility  as  in  density ;  the  following 
table,  extracted  from  the  late  Dr.  Turner's  excellent  work,  will  give 
an  idea  of  their  relations  to  heat.  The  melting-points  of  the  metals 
which  only  fuse  at  a  temperature  above  ignition,  and  that  of  zinc,  are 
on  the  authority  of  Mr.  Daniell,  having  been  observed  by  the  help  of 
the  pp'ometer  before  described  : 


Mercury 
Potassium 
Sodium 
Tin 

Cadmium 
Bismuth 
Lead 

Tellurium— rather  less  fusible  than  lead 
A  rseuic — unlmown 
Zinc 

Antimony — just  below  redness 


Fusible  below 
a  red  heat. 


Melting  points. 

F. 

C. 

.  —39^ 

— 39^-44 

136 

57-77 

194 

90 

442 

227.77 

(about)  442 

227-77 

497 

258-33 

612 

322-77 

773 


411-06 
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Infusible  below 
a  red  heat. 


Melting  points. 
F.  C. 
.    1873°  1022°'77 

1996  1091-11 
,    2016  1102-22 
2786  1530 

Fusible  only  in  an  excellent 
wind-fimiace. 


'  Silver 
Copper 
Gold 
Cast  iron 
Pure  iron 
Nickel 
Cobalt 
Manganese 
Palladium 
Molybdenum 
Uranium 
Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
Tantalum 

Some  metals  acquire  a  pasty  or  adhesive  state  before  becoming 
fluid :  this  is  the  case  with  iron  and  platinum,  and  also  with  the 
metals  of  the  alkalis.  It  is  this  peculiarity  which  confers  the  very 
valuable  property  of  welding,  by  which  pieces  of  iron  and  steel  are 
united  without  solder,  and  the  finely-divided  nietallic  sponge  of  plati- 
num converted  into  a  solid  and  compact  bar. 

Vokitilitij  is  possessed  by  certain  members  of  this  class,  and  perhaps 
by  all,  could  temperatures  sufficiently  elevated  be  obtained.  Mercury 
boils  and  distils  below  a  red  heat ;  potassium,  sodium,  zinc,  and  cad- 
mium rise  in  vapour  when  heated  to  a  bright  redness ;  arsenic  and 
tellurium  are  volatile. 


Imperfectly  melted  in  wind- 
furnace. 


Infusible  in  furnace  ;  fusible 
by  oxyhydrogen  blowpipe. 


CHEMICAL  RELATIONS  OP  THE  METALS  ;  CONSTITUTION  OF  SALTS, 

Metallic  combinations  are  of  two  kinds,  namely,  those  formed  by 
the  union  of  metals  among  themselves,  which  are  called  alloys  ot 
where  mercury  is  concerned,  amalgams,  and  those  generated  by  com- 
bination with  the  non-metallic  elements,  as  oxides,  clilorides,  sul- 
phides, &c.  In  this  latter  case,  the  metallic  characters  are  very 
frequently  lost.  The  alloys  themselves  are  really  true  chemical  com- 
pounds, and  are  not  mere  mixtures  of  the  constituent  metals ;  their 
properties  often  differ  completely  from  those  of  the  latter. 

The  oxides  of  the  metals  may  be  divided,  as  already  pointed  out, 
into  three  classes ;  namely,  those  which  possess  basic  characters  moie 
or  less  marked,  those  which  refuse  to  combine  with  either  acids  or  alkalis, 
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and  those  whicli  have  distinctly  acid  properties.  The  strong  bases  are  all 
protoxides  ;  they  contain  single  equivalents  of  metal  and  oxygen  ;  the 
weaker  bases  are  usually  sesquioxides,  containing  metal  and  oxygen 
in  the  proportion  of  two  equivalents  of  the  fornier  to  three  of  the  latter ; 
the  peroxides  or  neutral  compounds  are  still  richer  in  oxygen,  and,  lastly', 
the  metallic  acids  contain  the  maximum  proportion  of  that  element. 

The  gradual  change  of  properties  by  increasing  proportions  of  oxygen 
is  well  illustrated  by  the  case  of  manganese. 

Metal.  Oxygen.  Symbols.  Characters. 

Protoxide     .        .    1  eq.        1  eq.  MnO  Strongly  basic. 

Sesquioxide      .        2  eq.       3  eq.  MnaOs  Feebly  iDasic. 

Binoxide       .        .    1  eq.       2  eq.       MnOa  Neutral. 

Manganic  acid  .       1  eq.       3  eq.  MnOg  \  Strongly 

Permanganic  acid  .    2  eq.       7  eq.       Mn^O,  /  acid. 

The  oxides  of  iron  and  chromium  present  similar,  but  less  numerous 
gradations. 

When  a  powerful  oxygen-acid  and  a  powerful  metallic  base  are 
united  in  such  proportions  that  they  exactly  destroy  each  other's  pro- 
perties, the  resulting  salt  is  said  to  be  neutral ;  it  is  incapable  of 
affecting  vegetable  colours.  Now,  in  all  these  well-characterized 
neutral  salts,  a  constant  and  very  remarkable  relation  is  observed  to 
exist  between  the  quantity  of  oxygen  in  the  base  and  the  quantity  of 
acid  in  the  salt.  This  relation  is  expressed  in  the  following  manner  : 
— To  form  a  neutral  combination,  as  many  equivalents  of  acid  must  be 
present  in  the  salt  as  there  are  of  oxygen  in  the  base  itself.  In  fact, 
this  has  become  the  very  definition  of  neutrality,  as  the  action  on 
vegetable  colours  is  sometimes  an  unsafe  guide. 

It  is  easy  to  see  ,the  application  of  this  law.  When  a  base  is  a  pro- 
toxide, a  single  equivalent  of  acid  suffices  to  neutralize  it ;  when  a  ses- 
quioxide, not  less  than  three  are  required.  Hence,  if  by  any  chance 
the  base  of  a  salt  should  pass  by  oxidation  from  the  one  state  to  the 
other,  the  acid  will  be  insufficient  in  quantity  by  one-half  to  fonn  a 
neutral  combination.  Sulphate  of  the  protoxide  of  iron  offers  an  ex- 
ample :  when  a  solution  of  this  substance  is  exposed  to  the  air,  it 
absorbs  oxygen,  and  a  yellow  insoluble  sub-salt,  or  basic-salt  is  pro- 
duced, which  contains  an  excess  of  base.  Four  equivalents  of  the 
green  compound  absorb  from  the  air  two  equivalents  of  oxygen,  and 
give  rise  to  one  equivalent  of  neutral  and  one  equivalent  of  basic 
sulphate  of  the  sesquioxide,  as  indicated  by  the  diagonal  zigzag  line 
of  division. 

1  eq.  iron  -j-  1  eq.  oxygen  .  .  1  eq.  sulphuric  acid. 
1  eq.  iron  -j-  1  eq.  oxygen       .  1  eq.  sulphuric  acid. 

I  -j-  1  eq.  oxygen  from  air. 
1  eq.  iron  -f  1  eq.  oxygen    .       ~|  1  eq.  sulphuric  acid. 
1  eq.  iron  -|-  1  eq.  oxygen       .  1  eq.  sulphui-ic  acid- 

-J-  1  eq.  oxygen  from  air. 
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Such  sub-salts  or  basic  salts  are  very  frequently  insoluble. 

The  combiaations  of  chlorine,  iodine,  bromine,  and  fluorine  with 
the  metals  possess  in  a  very  high  degree  the  saline  character.  If, 
however,  the  definition  formerly  given  of  a  salt  be  rigidly  adhered  to, 
these  bodies  must  be  excluded  from  the  class,  and  with  them  the  very 
substance  from  which  the  name  is  derived,  that  is,  common  salt,  which 
is  a  chloride  of  sodium.  To  obviate  this  anomaly,  it  has  been  found 
necessary  to  create  two  classes  of  salts  :  in  the  first  division  will  stand 
those  constituted  after  the  type  of  common  salt,  which  contain  a  metal 
and  a  salt-radical,  as  chlorine,  iodine,  &c. ;  and  in  the  second,  those 
which,  like  sulphate  of  soda  and  nitrate  of  potassa,  are  generally  sup- 
posed to  be  combinations  of  an  acid  with  an  oxide.  The  names  haloid* 
salts,  and  oxygen-acid,  or  oxy-salts,  are  given  to  these  two  kinds. 

When  a  haloid  salt  is  dissolved  in  water,  it  might  be  regarded  as  a 
combination  of  a  metallic  oxide  with  a  hydrogen-acid,  the  water  being 
supposed  to  undergo  decomposition,  its  hydrogen  being  transferred  to 
the  salt-radical,  and  its  oxygen  to  the  metal.  This  view  is  unsup- 
ported by  evidence  of  any  value  :  it  is  much  more  probable,  indeed, 
that  no  truly  saline  compounds  of  hydrogen-acids  exist,  at  any  rate  in 
inorganic  chemistry.  When  a  solution  of  any  hydrogen-acid  is  poured 
upon  a  metalhc  oxide,  we  may  rather  suppose  that  both  are  decom- 
posed, water  and  a  haloid  salt  of  the  metal  being  produced.  Take 
hydrochloric  acid  and  potassa  by  way  of  example. 

Hydrochloric  J  Chlorine  ^^^^  Chloride  of  Potassium. 

acid      .    \Hydrogen  — 

T)  i  fPotassium 

Potassa     .   _Iri=.  (I-  ^ 

(Oxygen   :  ^vYater. 

On  evaporating  the  solution,  the  chloride  of  potassium  crystallizes 
out. 

When  hydrochloric  acid  and  ammoniacal  gases  are  mixed,  they 
combine  with  some  energy,  and  form  a  white  solid  salt,  sal-ammoniac. 
Now  this  substance  bears  such  a  strong  resemblance  in  many  impor- 
tant particulars  to  chloride  of  potassium  and  common  salt,  that  the 
ascription  to  it  of  a  similar  constitution  is  well  warranted. 

If  chloride  of  potassium,  therefore,  contain  chlorine  and  metal,  sal- 
ammoniac  may  also  contain  chlorine  in  combination  with  a  substance 
having  the  chemical  relations  of  a  metal,  formed  by  the  addition  of 
the  hydi-ogen  of  the  acid  to  the  elements  of  the  ammonia. 

Hydrochloric  |1  eq.  Chlorine  •  Chlorine  \ 

acid     .     \l  eq.  Hydrogen  I  g^^|. 

Ammonia      if  eq- Hydrogen -JI^:;^  ammoniac. 
(1  eq.  Nitrogen-  ^    ^■Ammonium J 

The  tei-m  ammonium  is  given  to  this  hypothetical  body,  NH4;  it 

*  ak%,  sea-salt,  and  eMos,  form. 
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is  supposed  to  exist  in  all  the  ammoniacal  salts.  Thus  we  have  chlo- 
ride of  ammonium,  sulphate  of  the  oxide  of  ammonium,  &c.  This 
view  is  very  strongly  supported  by  the  peculiarities  of  the  salts  them- 
selves, and  by  the  existence  of  a  series  of  substances  intimately 
related  to  these  salts  in  organic  chemistry,  as  will  hereafter  be  seen. 

Many  of  the  sulphides  also  possess  the  saline  character  and  are  so- 
luble in  water,  as  those  of  potassium  and  sodium.  Sometimes  a  pair  of 
sulphides  will  unite  in  definite  proportions,  and  form  a  crystallizable 
compound.  Such  bodies  bear  a  very  close  resemblance  to  oxygen-acid 
salts ;  they  usually  contain  a  protosulphide  of  an  alkaline  metal,  and 
a  higher  sulphide  of  a  non-metallic  substance  or  of  a  metal  which  has 
little  tendency  to  form'  a  basic  oxide,  the  two  sulphides  having  exactly 
the  same  relation  to  each  other  as  the  oxide  and  acid  of  an  ordinary 
salt.  Hence  the  expressions  sulphur-salt,  sulphur-acid,  and  sulphur- 
base,  which  Berzelius  applies  to  such  compounds  :  they  contain  sulphur 
in  the  place  of  oxygen.  Thus,  bisulphide  of  carbon  is  a  sulphur-acid ; 
it  forms  a  crystallizable  compound  with  protosulphide  of  potassium, 
which  is  a  sulphur-base.  Were  oxygen  substituted  for  the  sulphur  in 
this  product,  we  should  have  carbonate  of  potassa. 

KS  -j-  CS2  sulphur-salt. 
KO-fCOg  oxygen-salt. 

These  remarkable  compounds  are  very  numei-ous  and  interesting ; 
they  have  been  studied  by  Berzehus  with  great  care. 

Salts  often  combine  together,  and  form  what  are  called  double  salts, 
in  which  the  same  acid  is  in  combination  with  two  difi'erent  bases. 
When  sulphate  of  copper  and  sulphate  of  potassa,  or  chloride  of  zinc 
and  sal-ammoniac,  are  mixed  in  the  ratio  of  the  equivalents,  dissolved 
in  water,  and  the  solution  made  to  crystallize,  double  salts  are  obtained. 
These  latter  are  often  more  beautiful,  and  crystallize  better  than  their 
constituent  salts. 

Many  of  the  compounds  called  super,  or  acid  salts,  such  as  bisul- 
phate  of  potassa,  which  have  a  sour  taste  and  acid  reaction  to  test- 
paper,  ought  strictly  to  be  considered  in  the  light  of  double  salts,  in 
which  one  of  the  bases  is  water.  Strange  as  it  may  at  first  sight  ap- 
pear, water  possesses  considerable  basic  powers,  although  it  is  unable  to 
mask  acid  reaction  on  vegetable  colours  ;  hydrogen,  in  fact,  very  much 
resembles  a  metal  m  its  chemical  relations.  Bisulphate  of  potassa  will, 
therefore,  be  a  double  sulphate  of  potassa  and  water,  while  oil  of  vitriol 
must  be  assimilated  to  neutral  sulphate  of  potassa. 

KO-f-SOsand  HO-j-SOa. 

Water  is  a  weak  base  ;  it  is  for  the  most  part  easily  displaced  by  a 
metallic  oxide ;  yet  cases  occur  now  and  then  in  which  the  reverse 
happens,  and  water  is  seen  to  decompose  a  salt,  in  virtue  of  its  basic 
power. 
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There  are  a  few  acid  salts  which  contain  no  water  ;  as  the  bichro- 
mate of  potassa,  and  a  new  anhydrous  sulphate  of  potassa  discovered 
by  M.  Jacquelain.*  It  will  be  necessary,  of  course,  to  adopt  some 
other  view  in  these  cases.  The  simplest  will  be  to  consider  them  as 
really  containing  two  equivalents  of  acid  to  one  of  base. 

By  water  of  crystallization  is  meant  water  in  a  somewhat  loose  state 
of  combination  with  a  salt,  or  other  compound  body,  from  which  it  can 
be  disengaged  by  the  mere  application  of  heat,  or  by  exposure  to  a 
dry  atmosphere.  Salts  which  contain  water  of  crystallization  have 
their  crystalline  form  greatly  influenced  by  the  proportion  of  the  latter. 
Green  sulphate  of  iron  crystallizes  in  two  different  forms,  and  with  two 
different  proportions  of  water,  according  to  the  temperature  at  which 
the  salt  separates  from  the  solution. 

Many  salts  containing  water  effloresce  in  a  dry  atmosphere,  crum- 
bling to  powder,  and  losing  a  part  or  the  whole  of  their  water  of  crys- 
tallization ;  while  in  a  moist  atmosphere  they  may  be  preserved 
unchanged.  The  opposite  ef?ect  to  this,  or  deliquescence,  results  from 
a  strong  attraction  of  the  salt  for  water,  in  virtue  of  which  it  absorbs 
the  latter  from  the  air,  often  to  such  an  extent  as  to  produce  liquefaction. 

Crystallization ;  Crystalline  Forms. — Almost  every  substance, 
simple  and  compound,  capable  of  existence  in  the  solid  state,  assumes, 
under  favourable  circumstances,  a  distinct  geometrical  form  or  figure, 
usually  bounded  by  plane  surfaces,  and  having  angles  of  fixed  and 
constant  value.  The  faculty  of  crystallization  seems  to  be  denied  only 
to  a  few  bodies,  chiefly  highly  complex  organic  principles,  which 
stand,  as  it  were,  upon  the  very  verge  of  organization,  and  which, 
when  in  a  solid  state,  are  frequently  characterized  by  a  kind  of  beady 
or  globular  appearance,  well  known  to  microscopical  observers. 

The  most  beautiful  examples  of  crystallization  are  to  be  found 
among  natural  minerals,  the  results  of  exceedingly  slow  changes  con- 
stantly occurring  within  the  earth.  It  is  invariably  found  that  artificial 
crystals  of  salts,  and  other  soluble  substances,  which  have  been  slowly 
and  quietly  deposited,  always  surpass  in  size  and  regularity  those  of 
more  rapid  formation. 

Solution  in  water  or  some  other  liquid  is  one  very  frequent  method 
of  effecting  crystallization.  If  the  substance  be  more  soluble  at  a  high 
than  at  a  low  temperature,  then  a  hot  and  satiu-ated  solution  by  slow- 
cooling  will  generally  be  found  to  furnish  crystals :  this  is  a  very 
common  case  with  salts  and  various  organic  principles.  If  it  be 
equally  soluble,  or  nearly  so,  at  all  temperatures,  then  slow  sponta- 
neous evaporation  in  the  air,  or  over  a  surface  of  oil  of  vitriol,  often 
proves  very  effective. 

Fusion  and  slow  cooling  may  be  employed  in  many  cases ;  that  of 
sulphur  is  a  good  example  ;  the  metals  usually  afford  traces  of  crystal- 
hne  figure  when  thus  treated,  which  sometimes  become  very  beautiful 


*  Ann.  C'bim.  et  Phys.  Ixx.  311. 
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and  distinct,  as  with  bismuth.  A  third  condition  under  which  crys- 
tals very  often  form  is  in  passing  from  a  gaseous  to  a  soHd  state,  of 
which  iodine  affords  a  good  instance.  When  by  any  of  these  means 
time  is  allowed  for  the  symmetrical  arrangement  of  the  particles  of 
matter  at  the  moment  of  solidification,  crystals  are  produced. 

That  crystals  owe  their  figure  to  a  certain  regularity  of  internal 
structure,  is  shown  both  by  their  mode  of  formation  and  also  by  the 
peculiarities  attending  their  fracture.  A  crystal  placed  in  a  slowly- 
evaporating  saturated  solution  of  the  same  substance  grows  or  increases 
by  a  continued  deposition  of  fresh  matter  upon  its  sides,  in  such  a 
manner  that  the  angles  formed  by  the  meeting  of  the  latter  remain 
unaltered. 

The  tendency  of  most  crystals  to  split  in  particular  directions, 
called  by  mineralogists  cleavage,  is  a  certain  indication  of  regular  struc- 
ture, while  the  curious  optical  properties  of  many  among  them,  and  their 
remarkable  mode  of  expansion  by  heat,  point  to  the  same  conclusion. 

It  may  be  laid  down  as  a  genei-al  rule  that  every  substance  has  its 
own  crystalline  form,  by  which  it  may  very  frequently  be  recognized 
at  once  ;  not  that  each  substance  has  a  different  figure,  although  very 
great  diversity  in  this  respect  is  to  be  found.  Some  forms  are  much 
more  common  than  others,  as  the  cube  and  sis-sided  prism,  which 
are  veiy  frequently  assumed  by  a  number  of  bodies,  not  in  any  way 
related. 

The  same  substance  may  have,  under  different  sets  of  circumstances, 
as  high  and  low  temperatures,  two  different  crystalline  forms,  in  which 
case  it  is  said  to  be  dimorphous.  Sulphur  and  carbon  furnish,  as  al- 
ready noticed,  examples  of  this  curious  fact ;  another  case  is  presented 
by  carbonate  of  lime  in  the  two  modifications  of  calcareous  spar  and  ar- 
ragonite,  both  chemically  the  same,  but  physically  different.    A  fourth 


example  might  be  given  in  the  iodide  of  mercury,  which  also  lias  two 
distinct  forms,  and  even  two  distinct  colours,  offering  as  gi-eat  a  con- 
trast as  those  of  diamond  and  plumbago. 
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The  angles  of  crystals  are  measured  by  means  of  instruments  called 
goniometers,  of  which  there  are  two  kinds  in  use,  namely,  the  old  or 
common  goniometer,  and  the  reflective  goniometer  of  Dr.  Wollaston. 

The  common  goniometer  consists  of  a  pair  of  steel  blades  moving 
with  friction  upon  a  centre,  as  shown  in  the  cut  (fig.  127).  The  edges 
a  a  ai-e  carefully  adjusted  to  the  faces  of  the  crystal,  whose  inclination 
to  each  other  it  is  required  to  ascertain,  and  then  the  instrument  being 
applied  to  the  divided  semicircle,  the  contained  angle  is  at  once  read 
off.  An  approximative  measurement,  within  one  or  two  degrees,  can  be 
easily  obtained  by  this  instrument,  provided  the  planes  of  the  crystal 
be  tolerably  perfect,  and  large  enough  for  the  purpose.  Some  practice 
is  of  course  required  before  even  this  amount  of  accuracy  can  be 
attained. 

The  reflective  goniometer  is  a  very  superior  instrument,  its  indica- 
tions being  correct  within  a  fraction  of  a  degree  ;  it  is  applicable  also  to 
the  measurement  of  the  angles  of  crystals  of  very  small  size,  the  only 
condition  required  being  that  their  planes  be  smooth  and  brilliant. 
The  subjoined  sketch  will  convey  an  idea  of  its  nature  and  mode 
of  use. 

Fig.  128. 


a  is  a  divided  circle  or  disc  of  brass,  the  axis  of  which  passes  stiffly 
and  without  shake  through  the  support  b.  This  axis  is  itself  pierced 
to  admit  the  passage  of  a  round  rod  or  wire,  terminated  by  the  milled- 
edged  head  c,  and  destined  to  carry  the  ciystal  to  be  measured  by 
means  of  the  jointed  arm  d.  A  vernier,  e,  immovably  fixed  to  the 
upright  support,  serves  to  measure  with  gi-eat  accm-acy  the  angiilar 
motion  of  the  divided  circle.  The  crystal  at  /  can  thus  be  turned 
round,  or  adjusted  m  any  desired  position,  without  the  necessity  of 
moving  the  disc. 
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The  principle  upon  which  the  measurement  of  the  angle  rests  is 
very  simple.  If  the  two  adjacent  planes  of  a  ciystal  be  successively 
brought  into  the  same  position,  the  angle  through  which  the  crystal 
will  have  moved  will  be  the  supplement  to  that  contained  between  the  two 
planes.  This  will  be  easily  intelligible  by  reference  to  the  subjoined 
diagram,  in  which  a  crystal  having  the  form  of  a  triangular  prism*  is 
shown  in  the  two  positions,  the  angle  to  be  measured  being  that  indi- 
cated by  the  letters  e  d  f. 


The  lines  a  c,  b  c,  are  perpendicular  to  the  respective  faces  of  the 
crystal,  consequently  the  internal  angles  d  g  c,  d  h  c,  are  right  angles. 
Now,  since  the  sum  of  the  internal  angles  of  a  four-sided  rectilineal 
figure,  as  d  g  c  h,  equal  four  right  angles,  or  360°,  the  angle  g  d  h  (or 
e  df)  must  of  necessity  be  the  supplement  to  the  angle  g  c  h,  or  that 
through  which  the  crystal  moves.  All  that  is  required  to  be  done, 
therefore,  is  to  measure  the  latter  angle  with  accuracy,  and  subtract 
its  value  fi'om  180°  ;  and  this  the  goniometer  effects. 

One  method  of  using  the  instrument  is  the  following  : — The  gonio- 
meter is  placed  at  a  convenient  height  upon  a  steady  table  in  front  of 
a  well-illuminated  window.  Horizontally  across  the  latter,  at  the 
height  of  eight  or  nine  feet  from  the  ground,  is  stretched  a  narrow 
black  ribbon,  while  a  second  similar  ribbon,  adjusted  parallel  to  the 
first,  is  fixed  beneath  the  window,  a  foot  or  eighteen  inches  above  the 
floor.  The  object  is  to  obtain  two  easily-visible  black  lines,  perfectly 
parallel.  The  crystal  to  be  examined  is  attached  to  the  ann  of  ilie 
goniometer  at /by  a  little  wax,  and  adjusted  in  such  a  manner  that 
the  edge  joining  the  two  planes  whose  inclination  is  to  be  measured 
shall  nearly  coincide  with,  or  be  parallel  to,  the  axis  of  the  instrument. 
This  being  done,  the  adjustment  is  completed  in  the  following  manner  : 
— The  divided  circle  is  tui-ned  until  the  zero  of  the  vernier  comes  to 

*  The  triangular  prism  has  been  chosen  for  the  sake  of  simplicity ;  but  a 
moment's  consideration  wiU  show  that  the  rule  applies  equally  well  to  any 
other  figure. 
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180°;  the  crystal  is  tlieii  moved  round  by  means  of  the  inner  axis  c 
(fig.  128)  until  the  eye  placed  near  it  perceives  tlie  image  of  the  upper 
blacic  line  reflected  from  the  surface  of  one  of  the  planes  in  question. 
Following  this  image,  the  crystal  is  still  cautiously  turned  until  the 
upper  black  line  seen  by  reflection  approaches  and  overlaps  the  lower 
black  line  seen  directly  by  another  portion  of  the  pupil.  It  is  obvious, 
that  if  the  plane  of  the  crystal  be  quite  parallel  to  the  axis  of  the  in- 
strument (the  latter  being  horizontal),  the  two  lines  will  coincide 
completely.  If,  however,  this  should  not  be  the  case,  the  crystal 
must  be  moved  upon  the  wax  imtil  the  two  lines  fall  in  one  when 
superposed.  The  second  face  of  the  crystal  must  then  be  adjusted  in 
the  same  manner,  care  being  taken  not  to  dei'ange  the  position  of  the 
first.  When  by  repeated  observation  it  is  found  that  both  have  been 
correctly  placed,  so  as  to  bring  the  edge  into  the  required  condition  of 
parallelism  with  the  axis  of  motion,  the  measurement  of  the  angle  may 
be  made. 

For  this  purpose  the  ciystal  is  moved  as  before  by  the  inner  axis 
until  the  image  of  the  upper  line,  reflected  from  the  first  face  of  the 
crystal,  covers  the  lower  line  seen  directly.  The  great  circle,  carrying 
the  whole  with  it,  is  then  cautiously  turned  until  the  same  coincidence 
of  the  upper  with  the  lower  line  is  seen  by  means  of  the  second  face 
of  the  crystal ;  that  is,  the  second  face  is  brought  into  exactly  the 
same  position  as  that  previously  occupied  by  the  first.  Nothing  then 
remains  but  to  read  off  by  the  vernier  the  angle  through  which  the 
circle  has  been  moved  in  this  operation.  The  division  upon  the  circle 
itself  is  very  often  made  backwards,  so  that  the  angle  of  motion  is  not 
obtained,  but  its  supplement,  or  the  angle  of  the  crystal  required. 

It  may  be  necessary  to  remark,  that,  although  the  principle  of  the 
operation  desci'ibed  is  in  the  highest  degree  simple,  its  successful 
practice  requires  considerable  skill  and  experience. 

If  a  crystal  of  tolerably  simple  form  be  attentively  considered,  it 
will  become  evident  that  certain  directions  can  be  pointed  out  in  which 
straight  lines  may  be  imagined  to  be  draw,  passing  through  the  cen- 
tral point  of  the  crystal  firom  side  to  side,  from  end  to  end,  or  from  one 
angle  to  that  opposed  to  it,  &c.,  about  which  lines  the  particles  of 
matter  composing  the  ciystal  may  be  conceived  to  be  symmetrically 
built  up.  Such  lines  or  axes  are  not  always  purely  imaginary,  how- 
ever, as  may  be  inferred  from  the  remarkable  optical  properties  of 
many  crystals:  upon  their  numbei-,  relative  lengths,  position,  and 
inclination  to  each  other,  depends  the  outward  figure  of  the  crvstal 
itself. 

All  crystalline  foi-ms  may  upon  this  plan  be  arranged  in  six  classes 
or  systems ;  these  are  as  follows : — 

1.  The  regular  system.— The  crystals  of  this  division  have  three 
equal  axes,  all  placed  at  right  angles  to  each  other.  The'  most  im- 
portant forms  are  the  cube  (1),  the  regular  octahedron  (2),  and  the 
rhombic  dodecahedron  (3). 
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The  letters  a — a  show  the  termination  of  the  three  axes,  placed  as 
stated. 


Very  many  substances,  both  simple  and  compound,  assume  these 
forms,  as  most  of  the  metals,  carbon  in  the  state  of  diamond,  common 
salt,  iodide  of  potassium,  the  alums,  fluor-spar,  bisulphide  of  iron, 
garnet,  spinelle,  &c. 

2.  The  square  prismatic  system. — Three  axes  are  here  also  observed, 
at  right  angles  to  each  other.  Of  these,  however,  two  only  are  of 
equal  length,  the  third  being  usually  longer  or  shorter.  The  most 
important  forms  are:  a  right  square  prism,  in  which  the  lateral  axes 
terminate  in  the  central  point  of  each  side  (1);  a  second  i^ht  square 
prism,  in  which  the  axes  terminate  in  the  edges  (2);  a  corresponding 
pair  of  right,  square-based  octahedra  (3  and  4). 


Fig.  131. 


Y 


a — a.  Principal  or  verticlc  axis. 
6 — 6.  Secondary,  or  lateral  axes. 


Examples  of  these  fonns  are  to  be  found  in  zircon,  native  binoxide 
of  tin,  apophyllite,  yellow  ferrocyanide  of  potassium,  &c. 

3.  The  right  piHsmatic  system. — This  is  characterized  by  three  axes 
of  unequal  lengths,  placed  at  right  angles  to  each  other,  as  in  the  right 
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rectangular  prism  (1),  the  right  rhombic  prism  (2),  the  right  rectan- 
gular-based octahedron  (3),  and  the  right  rhombic-based  octahedron  (4) . 

Fig.  132. 

1  2  3  4' 


a — a.  Principal  axis. 
h—b,  c—c.  Secondary  axes. 


The  system  is  exemplified  in  sulphiir  crystallized  at  a  low  tempera- 
ture, arsenical  iron  pyiites,  nitrate  and  sulphate  of  potassa,  sulphate 
of  baryta,  &c. 

4.  The  oblique  prismatic  system. —  Crystals  belonging  to  this  group 
have  also  three  axes  which  may  be  all  unequal,  two  of  these  (the 
secondary)  are  placed  at  right  angles,  the  third  being  so  inclined  as  to 
be  oblique  to  one  and  perpendicular  to  the  other.  To  this  system 
may  be  referred  the  four  following  forms : — The  oblique  rectangular 


Fig.  133. 

12  3  4 


a—  a.  Principal  axis. 

b — b,  c—c.  Secondary  axes. 


prism  (1),  the  obliqiie  rhombic  prism  (2),  the  oblique  rectangular-based 
octahedron  (3),  the  oblique  rhombic-based  octahedron  (4), 
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Such  forms  are  taken  by  stilphur  crystallized  by  fusion  and  cooling, 
realgar,  sulphate,  carbonate  and  phosphate  of  soda,  borax,  green  vitriol, 
and  many  other  salts. 

5.  The  doubly -oblique  prismatic  system. — The  crystalline  forms  com- 
pi'ehended  in  this  division  are,  from  their  great  apparent  irregularity, 
exceedingly  difficult  to  study  and  understand.  In  them  are  traced 
three  axes,  which  may  be  all  unequal  in  length,  and  are  all  oblique  to 
each  other,  as  in  the  two  doubly-oblique  prisma  (1  and  2),  and  in  the 
corresponding  doubly-oblique  octahedrons  (3  and  4). 

Fig.  134. 


a— a.  Principal  axis,  as  before. 
b — b,  c — c.  Secondary  axes. 

Sulphate  of  copper,  nitrate  of  bismuth,  and  quadroxalate  of  potassa 
afford  illustrations  of  these  forms. 

6.  The  rhombohedral  system. — This  is  very  important  and  extensive ; 
it  is  characterized  by  the  presence  of  four  axes,  three  of  which  are 


Fig.  135. 

12  3  4 


a — a.  Principal  axis, 
b— 6.  Secondary  axes. 
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equal,  in  the  same  plane,  and  inclined  to  each  other  at  angles  of  60°, 
while  the  fourth  or  principal  axis  is  perpendicular  to  all.  The  regular 
six-sided  prism  (1),  the  quartz-dodecahedron  (2),  the  rhombohedron 
(3),  and  a  second  dodecahedron,  whose  faces  ai'e  scalene  triangles  (4), 
belong  to  the  system  in  question. 

Examples  are  readily  found  ;  as  in  ice,  calcareous  spar,  nitrate  of 
soda,  beryl,  quartz  or  rock  crystal,  and  the  semi-metals,  arsenic,  anti- 
mony, and  tellurium. 

If  a  crystal  increase  in  magnitude  by  equal  additions  on  every  part, 
it  is  quite  clear  that  its  figure  must  remain  unaltered  ;  but,  if  from  some 
cause  this  increase  should  be  partial,  the  newly-deposited  matter 
being  distributed  unequally,  but  still  in  obedience  to  certain  definite 
laws,  then  alterations  of  form  are  produced,  giving  rise  to  figures 
which  have  a  direct  geometrical  connection  with  that  from  which  they 
ai-e  derived.  If,  for  example,  in  the  cube,  a  regular  omission  of  suc- 
cessive rows  of  particles  of  matter  in  a  certain  order  be  made  at  each 
solid  angle,  while  the  crystal  continues  to  increase  elsewhere,  the 
result  will  be  the  production  of  small  triangular  planes,  which,  as  the 
process  advances,  gradually  usurp  the  whole  of  the  surface  of  the 
crystal,  and  convert  the  cube  into  an  octahedron.  The  new  planes  are 
called  secondary,  and  their  production  is  said  to  take  place  by  regular 
decrements  upon  the  solid  angles.  The  same  thing  may  happen  on  the 
edges  of  the  cube  ;  a  new  figure,  the  rhombic  dodecahedi-on,  is  then 
generated.  The  modifications  which  can  thus  be  produced  of  the 
original  or  primary  figure  (all  of  which  are  subject  to  exact  geome- 
ti-ical  laws)  are  very  numerous.  Several  distinct  modifications  may 
be  present  at  the  same  time,  and  thus  render  the  form  exceedingly 
complex. 

Fig.  136. 


Passage  of  cube  to  octahedron. 


It  is  important  to  observe,  that  in  all  these  deviations  from  what 
may  be  regarded  as  the  primary  or  fundamental  figure  of  the  crystal, 
the  modifying  planes  are  in  fact  the  planes  of  figures  belonging  to  the 
same  natural  group  or  crystallographical  system  as  the  primary  form, 
and  having  their  axes  coincident  with  those  of  the  latter.  The  crystals 
of  each  system  are  thus  subject  to  a  peculiar  and  distinct  set  of  modi- 
fications, the  observation  of  which  very  frequently  constitutes  an 
excellent  guide  to  the  discovery  of  the  primary  form  itself. 

K 
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Crystals  often  cleave  parallel  to  all  the  planes  of  the  primarj'  figure, 
as  in  calcareous  spar,  which  offers  a  good  illustration  of  this  perfect 
cleavage.  Sometimes  one  or  two  of  these  planes  have  a  kind  of  pre- 
ference over  the  rest  in  this  respect,  the  ci-ystal  splitting  readily  in 
these  directions  only. 

A  very  curious  modification  of  the  figure  sometimes  occurs  by  the 
excessive  growth  of  each  alternate  plane  of  the  crystal  ;  the  rest 
become  at  length  obliterated,  and  the  crystal  assumes  the  character 
called  hemihedral  or  half-sided.  This  is  well  seen  in  the  production 
of  the  tetrahedron  from  the  regular  octahedron,  and  of  the  rhombohe- 
dric  form  by  a  similar  change  from  the  quartz-dodecahedron  already 
figured. 

Fig.  137. 


Passage  of  octahedron  to  tetrahedron. 


Relations  of  Form  and  Constitution  ;  Isomorphism. — Certain  sub- 
stances, to  which  a  similar  chemical  constitution  is  ascribed,  possess 
the  remarkable  property  of  exactly  replacing  each  other  in  crystallized 
compounds  without  alteration  of  the  characteristic  geometrical  figure. 
Such  bodies  are  said  to  be  isomorphous.* 

For  example,  magnesia,  oxide  of  zinc,  oxide  of  copper,  protoxide  of 
iron,  and  oxide  of  nickel,  are  allied  by  isomorphic  relations  of  the 
most  intimate  nature.  The  salts  fonned  by  these  substances  with  tlie 
same  acid  and  similar  proportions  of  water  of  crystallization,  are  iden- 
tical in  their  form,  and,  when  of  the  same  colour,  cannot  be  distin- 
guished by  the  eye ;  the  sulphates  of  magnesia  and  zinc  may  be  thus 
confounded.  The  sulphates,  too,  all  combine  with  sulphate  of  potassa 
and  sulphate  of  ammonia,  giving  rise  to  double  salts,  whose  figure  is 
the  same,  but  quite  different  from  that  of  the  simple  sulphates.  In- 
deed this  connection  between  identity  of  form  and  parallelism  of  con- 
stitution runs  through  all  their  combinations. 

Jn  the  same  manner  alumina  and  sesquioxide  of  iron  replace  each 
other  continually  without  change  of  crystalline  figure;  the_ same  re- 
mark may  be  made  of  potassa,  soda,  and  ammonia  with  an  equivalent  of 
water,  or  oxide  of  ammonium,  these  bodies  being  strictly  isomorphous. 
The  alumina  in  common  alum  may  be  replaced  by  sesquioxide  of  iron, 
the  potassa  by  ammonia  or  by  soda,  and  still  the  figure  of  the  crystal 
remains  unchanged.  These  replacements  may  be  partial  only  ;  we  may 

*  From  Icro9,  equal,  and  ii-6pj>-q,  shape  or  form. 
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have  an  alum  containing  both  potassa  and  ammonia,  or  alumina  and 
sesquioxide  of  chromium.  By  artificial  management— namely,  by 
transferring  the  crystal  successively  to  different  solutions— we  may 
have  these  isomorphous  and  mutually-replacing  compounds  distributed 
in  different  layers  upon  the  same  cijstal. 

For  these  reasons  mixtures  of  isomoi-phous  salts  can  never  be  sepa- 
rated by  crystallization,  unless  their  difference  of  solubility  is  very 
great.  A  mixed  solution  of  sulphate  of  protoxide  of  iron  and  sulphate 
of  copper,  isomorphous  salts,  yields  on  evaporation  crystals  containing 
both  iron  and  copper.  But  if  before  evaporation  the  protoxide  of 
iron  be  converted  into  sesquioxide  by  chlorine  or  other  means,  then 
the  ciystals  obtained  are  free  from  iron,  except  that  of  the  mothei'- 
liquor  which  wets  them.  The  salt  of  sesquioxide  of  iron  is  no  longer 
isomorphous  with  the  copper  salt,  and  easily  separates  from  the 
latter. 

When  compounds  are  thus  found  to  correspond,  it  is  inferred  that 
the  elements  composiag  them  are  also  isomorphous.  Thus,  the  metals 
magnesium,  zinc,  iron,  and  copper  are  presumed  to  be  isomorphous : 
arsenic  and  phosphorus  should  present  the  same  ciystalline  form, 
because  arsenic  and  phosphoric  acids  give  rise  to  combinations  which 
agree  most  completely  in  figure  and  constitution.  The  chlorides, 
iodides,  bromides,  and  fluorides  agree,  whenever  they  can  be  observed, 
in  the  most  perfect  manner;  hence  the  elements  themselves  are  be- 
lieved to  be  also  isomorphous.  Unfortunately,  for  obvious  reasons,  it 
is  very  difficult  to  observe  the  crystalline  figure  of  most  of  the  ele- 
mentary bodies,  and  this  difficulty  is  increased  by  the  frequent  di- 
morphism they  exhibit. 

Absolute  identity  of  value  in  the  angles  of  crystals  is  not  always 
exhibited  by  isomorphous  substances.  In  other  words,  small  varia- 
tions often  occur  in  the  magnitude  of  the  angles  of  crystals  of  com- 
pounds which  in  all  other  respects  show  the  closest  isomorphic  rela- 
tions. This  should  occasion  no  surprise,  as  there  are  reasons  why 
such  variations  might  be  expected,  the  chief  perhfips  being  the  unequal 
effects  of  expansion  by  heat,  by  which  the  angles  of  the  same  crystal 
are  changed  by  alteration  of  temperature.  A  good  example  is  found 
in  the  case  of  the  carbonates  of  lime,  magnesia,  manganese,  iron,  and 
zinc,  which  are  found  native  crystallized  in  the  foi-m  of  obtuse  rhom- 
bohedra  (fig.  135,  3)  not  distinguishable  from  each  other  by  the  eye, 
or  even  by  the  common  goniometer,  but  showing  small  differences 
when  examined  by  the  more  accurate  instrument  of  Dr.  WoUaston. 
These  compounds  are  isomorphous,  and  the  measurements  of  the 
obtuse  angles  of  their  rhombohedra  as  follows : — 


Carbonate  of  lime 


105°  5' 
107°  25' 
107°  20' 
107° 


magnesia 

protox.  manganese  . 


f 


J) 


„  iron 
zinc 


107°  40' 


244 


CHEMISTRY  OF  THE  METALS. 


Anomalies  in  the  composition  of  -various  earthy  minerals,  which 
formerly  threw  much  obscurity  upon  their  chemical  nature,  have  been 
in  great  measure  explained  by  these  discoveries. 

Specimens  of  the  same  mineral  frona  different  localities  were  found 
to  aflbrd  very  discordant  results  on  analysis.  But  the  proof  once 
given  of  the  extent  to  which  substitution  of  isomorplious  bodies  may 
go  without  destruction  of  what  may  be  called  the  primitive  type  of 
the  compound,  these  difficulties  vanish. 

Another  benefit  conferred  on  science  by  the  discoveries  in  ques- 
tion, is  that  of  furnishing  a  really  philosophical  method  of  classifying 
elementary  and  compound  substances,  so  as  to  exhibit  their  natm-al 
relationships  ;  it  would  be  perhaps  more  proper  to  say  that  such  will 
be  the  case  when  the  isomorphic  relations  of  all  the  elementary  bodies 
become  known, — at  present  only  a  certain  number  have  been  traced. 

Decision  of  a  doubtful  point  concerning  the  constitution  of  a  com- 
pound may  now  and  then  be  very  satisfactorily  made  by  a  reference 
to  this  same  law  of  isomorphism.  Thus,  alumina,  the  only  known 
oxide  of  aluminum,  is  judged  to  be  a  sesquioxide  of  the  metal  from 
its  relation  to  sesquioxide  of  iron,  which  is  certainly  so  ;  the  black 
oxide  of  copper  is  infen-ed  to  be  really  the  protoxide,  although  it 
contains  twice  as  much  oxygen  as  the  red  oxide,  because  it  is  iso- 
morphous  with  magnesia  and  zinc,  both  undoubted  protoxides. 

The  subjoined  table  will  serve  to  convey  some  idea  of  the  most  im- 
portant families  of  isomorphous  elements ;  it  is  taken  from  Professor 
Graham's  systematic  work,*  to  which  the  pupil  is  referred  for  fuller 
details  on  this  interesting  subject. 


(!•) 
Sulphur 

Selenium 

Tellurium. 

(2.) 
Magnesium 

Calcium 

Manganese 

Iron 

Cobalt 

Nickel 

Zinc  . 

Cadmium 

Copper 

Chromium 

Aluminum 

Beryllium 

Vanadium 

Zirconium. 


Tsomorphm  Groups. 

(3.) 
Barium 
Strontium 
Lead. 

(4.) 
Tin 

Titanium. 

(5.) 
Platinum 
Iridium 
Osmium. 

(6.) 
Tungsten 
Molybdenum 
Tantalum. 


Second  edition,  p.  175. 


(7.) 
Sodium 
Silver 
Gold 

Potassium 
Ammonium. 

(8.) 
Chlorine 
Iodine 
Bromine 
Fluorine 
Cyanogen. 

(9.) 
Phosphorus 
Arsenic 
Antimony 
Bismuth. 
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There  is  a  law  concerning  the  formation  of  double  salts  which  may 
now  be  mentioned ;  the  two  bases  are  never  taken  from  the  same 
isomorphous  family.  Sulphate  of  copper  or  of  zinc  may  unite  in  this 
manner  with  sulphate  of  soda  or  potassa,  but  not  with  sulphate  of 
iron  or  cobalt ;  chloride  of  magnesium  may  combine  with  chloride  of 
ammonium,  but  not  with  chloride  of  zinc  or  nickel,  &c.  It  will  be 
seen  hereafter  that  this  is  a  matter  of  some  importance  iu  the  theory 
of  the  organic  acids. 

Poll/basic  Acids. — There  is  a  particular  class  of  acids  in  which  a 
departure  occurs  from  the  law  of  neutrality  formerly  described :  these 
are  acids  requiring  two  or  more  equivalents  of  a  base  for  neutraliza- 
tion. The  phosphoric  and  arsenic  acids  present  the  best  examples 
yet  known  in  mineral  chemistiy ;  but  in  the  organic  department  of  the 
science  cases  very  frequently  occur. 

Phosphoric  acid  is  capable  of  existing  in  three  different  states  or 
modifications,  fonning  three  separate  classes  of  salts  which  differ  com- 
pletely in  properties  and  constitution.  They  are  distinguished  by  the 
names  tribasic,  hibasic,  and  monobasic  acids,  according  to  the  number 
of  equivalents  of  base  required  to  fonn  neutral  salts. 

Tribasic  or  Common  Phosphoric  Acid. — When  commercial  phos- 
phate of  soda  is  dissolved  in  water,  and  the  solution  mdxed  with  ace- 
tate of  lead,  an  abundant  white  precipitate  of  phosphate  of  lead  fails., 
which  may  be  collected  on  a  filter,  and  well  washed.  While  still 
moist,  this  compound  is  suspended  in  distilled  water,  and  an  excess 
of  sulphuretted  hydrogen  gas  passed  into  it.  The  protoxide  of  lead  is 
converted  into  sulphide,  which  subsides  as  a  black  insoluble  precipitate, 
while  phosphoric  acid  remains  in  solution,  and  is  easily  deprived  of  the 
residual  sulphuretted  hydi-ogen  by  a  gentle  heat. 

The  soda-salt  employed  in  this  experiment  contains  the  tribasic 
modification  of  phosphoric  acid.  Of  the  three  equivalents  of  base,  two 
consist  of  soda  and  one  of  water  :  when  mixed  with  solution  of  lead, 
a  tribasic  phosphate  of  the  oxide  of  that  metal  falls,  which,  when  de- 
composed by  sulphuretted  hydrogen,  yields  sulphide  of  lead  and  a 
hydrate  of  the  acid  containing  three  equivalents  of  water  in  intimate 
combination. 


(2  eq.  soda 
1 1  „  water 
1  „  phos-"! 
[phoricacidj 


Phosphate 
of  soda 


3eq.  acetatej^eq- acetic  acid 
^  -         '\„  acetic  acid 


of  lead 


oxide  of  lead 


2NaO,HO,P05  + 


acetate  of  soda, 
hydrated  acetic  acid. 


eq.  tribasic  phos- 
phate of  lead. 


3PbO,A  =_3PbO,P05  +  HO,A 
+  2(NaO,A) 
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1  eq.  tribasic  phos- 
phate of  lead 


'3  eq.  lead  — „3  eq.  sulphide  of  lead. 

3  „  oxygen 


1  „  phos-"! 
phoric  acid/ 
3  eq.  sulphuretted j 3  eq.  sulphur- 

hydrogen  \3  „  hydrogen  1  eq.  tribasic  hydrate 

of  phosphoric  acid. 
3PbO,POg + 3HS  =  3HO,P05 + 3PbS. 

The  solution  of  tribasic  hydrate  may  be  concentrated  by  evapora- 
tion in  vacuo  over  sulphuric  acid  until  it  crystallizes  in  thin  deliquescent 
plates.  The  same  compound  in  beautiful  crystals,  resembling  those  of 
sugar-candy,  has  been  accidentally  formed.*  It  undergoes  no  change 
by  boiling  with  water,  but  when  heated  alone  to  400°  (204° -40) 
loses  some  of  its  combined  water,  and  becomes  converted  into  a  mix- 
ture of  the  bibasic  and  monobasic  hydrates.  At  a  red  heat  it  becomes 
entirely  changed  to  monohydrate,  which  at  a  still  higher  temperature, 
sublimes. 

Tribasic  phosphoric  acid  is  characterized  by  the  yellow  insoluble 
salt  it  forms  with  protoxide  of  silver. 

Bibasic  Phosphoric  Acid,  or  Pyrophosphoric  Acid. — When  com- 
mon phosphate  of  soda,  coutaining 

2NaO,HO,P05-|-24HO, 

is  gently  heated,  the  24  equivalents  of  water  of  crystallization  are 
expelled,  and  the  salt  becomes  anhydi-ous  ;  but  if  the  heat  be  raised  to 
a  higher  point,  the  basic  water  is  also  driven  off,  and  the  acid  jjasses 
into  the  second  or  bibasic  modification.  If  the  altered  salt  be  now 
dissolved  in  water,  this  new  compound,  the  bibasic  phosphate  of  soda, 
ciystallizes  out.  When  mixed  with  solution  of  acetate  of  lead,  bibasic 
phosphate  of  lead  is  thrown  down,  which,  decomposed  by  sulphuretted 
hydrogen,  furnishes  a  solution  of  the  bibasic  hydi-ate.  This  solution 
may  be  preserved  without  change  at  common  temperatures  ;  but  when 
heated,  an  equivalent  of  water  is  taken  up,  and  the  substance  passes 
back  again  into  the  tribasic  modification. 

Crystals  of  this  hydrate  have  also  been  observed  by  M.  Peligot. 
Their  production  was  accidental.  The  bibasic  phosphates  soluble  in 
water  give  a  white  precipitate  with  solution  of  silver. 

Monobasic,  or  Metaphosphoric  Acid.— When  common  tribasic 
phosphate  of  soda  is  mixed  with  solution  of  tribasic  hydrate  of  phos- 
phoric acid,  and  exposed,  after  proper  concenti-ation,  to  a  low  temper- 
ature, prismatic  crystals  ai-e  obtmned,  which  consist  of  a  phosphate  of 
soda  having  two  equivalents  of  basic  water. 

NaO,2HO,P05-|-2HO. 


•  Peligot,  Ann.  Chim.  et  Phys.  Ixxiit  286. 
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When  tliis  salt  is  very  strongly  heated,  both  the  water  of  ciystalli- 
zation  and  that  contained  in  the  base  are  expelled,  and  monobasic 
phosphate  of  soda  remains.  This  may  be  dissolved  in  cold  water, 
precipitated  with  acetate  of  lead,  and  the  lead-salt  as  before  decom- 
posed by  sulphui'etted  hydrogen. 

The  solution  of  the  monobasic  hydrate  is  decomposed  rapidly  by 
heat,  becoming  converted  into  tribasic  hydrate.  It  possesses  the  pro- 
perty of  coagulating  albumen,  which  is  not  enjoyed  by  either  of  the 
preceding  modifications.  Monobasic  alkaline  phosphates  precipitate 
nitrate  of  silver  white. 

The  glacial  phosphoric  acid  of  pharmacy  is,  when  pure,  hydi  ate  of 
monobasic  phosphoi-ic  acid  :  it  contains  H0,P05. 

Anhydrous  phosphoric  acid,  prepared  by  burning  phosphorus  in  dry 
air,  when  thrown  into  water,  forms  a  variable  mixture  of  the  three 
hydrates.  When  heated,  a  solution  of  the  tribasic  hydrate  alone  re- 
mains.*   See  also  phosphates  of  soda. 

Binary  Tlieory  of  Salts. — The  great  resemblance  in  properties  be- 
tween the  two  classes  of  saline  compounds,  the  lialoid  and  oxy-salts, 
has  very  naturally  led  to  the  supposition  that  both  might  possibly  be 
alike  constituted,  and  that  the  latter,  instead  of  being  considered  com- 
pounds of  an  oxide  and  an  acid,  might  with  greater  propriety  be  con- 
sidered to  contain  a  metal  in  union  witli  a  compound  salt-radical, 
having  the  chemical  I'elations  of  chlorine  and  iodine. 

On  this  supposition  suljihate  and  nitrate  of  potassa  will  be  consti- 
tuted in  the  same  manner  as  chloi'ide  of  potassium,  the  compound 
radical  replacing  the  simple  one. 

Old  view.  New  view. 

K0  +  S03  K-fS04 
KO-l-NOs  K-i-NOe 

Hydrated  sulphuric  acid  will  be,  like  hydrochloric  acid,  a  hydride  of 
a  salt-radical, 

H-I-S04 

When  the  latter  acts  upon  metallic  zinc,  the  hydrogen  is  simply 
displaced,  and  the  metal  substituted ;  no  decomposition  of  water  is 
supposed  to  occur,  and,  consequently,  the  difficulty  of  the  old  hypo- 
tliesis  is  at  an  end,  When  the  acid  is  poured  upon  a  metallic  oxide, 
the  same  reaction  occui-s  as  in  the  case  of  hydrochloric  acid,  water 

*  The  three  modlflcations  of  phosphoric  acid  possess  properties  so  dissi- 
milar that  they  might  reaUy  be  considered  three  distinct,  although  intimately 
related  bodies.  It  is  exceedingly  remarkable,  that  when  their  salts  are  sub- 
jected to  electro-chemical  decomposition,  the  acids  travel  unaltered,  a  tri- 
basic salt  giving  at  the  positive  electrode  a  solution  of  common  phosphoric 
acid  ;  a  bibasic  salt,  one  of  pyrophpsphoric  acid ;  and  a  monobasic  salt,  one 
of  metaphosphoric  acid  (Professor  Daniel!  and  Dr.  MiUer,  Phil  Trans  for 
1S44,  p.  1). 
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and  a  haloid  salt  are  produced.  All  acids  must  be,  in  fact,  hydrogen 
acids,  and  all  salts  haloid  salts,  with  either  simple  or  compound 
radicals. 

This  simple  and  beautiful  theory  is  not  by  any  means  new  ;  it  was 
suggested  by  Davy,  who  proposed  to  consider  hydrogen  as  tlie  acidi- 
fying principle  in  the  common  acids,  and  lately  revived  and  very 
happily  illustrated  by  Liebig.  It  is  supported  by  a  good  deal  of 
evidence  derived  from  various  sources,  and  has  received  great  help 
from  a  series  of  exceedingly  interesting  experiments  on  the  electrolysis 
of  saline  solutions,  by  the  late  Professor  Daniell.*  The  necessity  of 
creating  a  great  number  of  non-soluble  compounds  is  often  urged  as 
an  objection  to  the  new  view ;  but  the  same  objection  applies  to  the 
old  mode  of  considering  the  subject,  Hyposulphurous  acid  and  hy- 
posulphuric  acid  are  unknown  in  their  free  states.  The  compounds 
S2O2  and  S2O4  are  as  hypothetical  as  the  substances  S2O3  and  S2O6. 
The  same  remark  applies  to  almost  every  one  of  the  organic  acids  ; 
and,  what  is  well  worthy  of  notice,  those  acids  which,  like  sulphuric, 
phosphoric,  and  carbonic  acids,  may  be  obtained  in  a  separate  state, 
ai'e  destitute  of  all  acid  properties  so  long  as  the  anhydrous  condition 
is  retained. 

The  general  application  of  the  binary  theory  still  presents  a  few 
difficulties.  But  it  is  very  probable  that  the  progress  of  discovery 
will  ultimately  lead  to  its  universal  adoption,  which  would  greatly 
simplify  many  parts  of  the  science.  One  great  inconvenience  will  be 
the  change  of  nomenclature  involved. 


CLASSIFICATION  OF  METALS. 
]. 

Metals  of  the  Alkalis. 

Potassium  Lithium 
Sodium  Ammonium.t 

2. 

Metals  of  the  Alkaline  Earths. 

Barium  Calcium 
Strontium  Magnesium. 

*  See  Darnell's  Introduction  to  Chemical  Philosophy,  2nd  edition,  p.  533. 
f  This  hypothetical  substance  is  merely  placed  with  the  metals  for  the  sake 
of  convenience,  as  will  be  apparent  in  the  sequel. 
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Metals  of  the  Earths  Proper. 


Aluminum 

Beryllium 

Yttrium 

Erbium 

Terbium 

Zirconium 


Norium 

Thorium 

Cerium 

Lantanum 

Didymium. 


4. 

Oxidable  Metals  Proper,  whose  Oxides  form  powerful  Bases. 


Manganese 
Iron 

Chromium 
Nickel 
Cobalt 
Copper 


Zinc 

Cadmium 
Bismuth 
Lead 
Uranium. 


5. 

Oxidable  Metals  Proper,  whose  Oxides  form  weak  Bases,  or  Acids. 


Vanadium 

Tungsten 

Molybdenum 

Tantalum 

Niobium 

Pelopium 


Titanium 
Tin 

Antimony 
Arsenic 
Tellurium 
Osmium. 


Metals  Proper,  whose  Oxides  are  reduced  by  Heat ;  Noble  Metals. 


Gold 
Mercury 
Silver 
Platinum 


Palladium 
Iridium 
Ruthenium 
Rhodium. 
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POTASSIUM. 

Potassium  was  discovered  by  Sir  H.  Davy  iu  1807,  who  obtained 
it  in  very  small  quantity  by  exposing  a  piece  of  moistened  hydrate  of 
potassa  to  the  action  of  a  powerful  voltaic  battery,  the  alkali  beino- 
placed  between  a.  pair  of  platinum  plates  put  into  connection  with  the 
apparatus.  Processes  have  since  been  devised  for  obtaining  this 
curious  metal  in  almost  any  quantity  that  can  be  desired. 

An  intimate  mixture  of  carbonate  of  potassa  and  charcoal  is  pre- 
pared by  calcining,  in  a  covered  iroi?  pot,  the  crude  tartar  of  com- 
merce ;  when  cold,  it  is  rubbed  to  powder,  mixed  with  one-tenth  part 
of  charcoal  in  small  lumps,  and  quickly  transferi'ed  to  a  retort  of  stout 
hammered  iron  ;  the  latter  may  be  one  of  the  iron  bottles  in  which 
mercury  is  imported,  a  short  and  somewhat  wide  iron  tube  having  been 
fitted  to  the  aperture.  The  retort  is  placed  upon  its  side,  in  a  furnace 
so  constructed  that  the  flame  of  a  very  strong  fire,  fed  with  dry  wood, 
may  wrap  round  it,  and  maintain  every  part  at  a  uniform  degree  of 
heat,  approaching  to  whiteness.  A  copper  receiver,  divided  in  the 
centre  by  a  diaphragm,  is  connected  with  the  iron  pipe,  and  kept  cool  by 
the  application  of  ice,  while  the  receiver  itself  is  partly  filled  with 
naphtha  or  rock-oil,  in  which  the  potassium  is  to  be  presented.  Ar- 
rangements being  thus  completed,  the  fire  is  gradually  raised  until  the 
requisite  temperature  is  reached,  when  decomposition  of  the  alkali  by 
the  charcoal  commences,  carbonic  oxide  gas  is  abundantly  disengaged, 
and  potassium  distils  over,  and  falls  in  large  melted  drops  into  the 
liquid.  The  pieces  of  charcoal  are  introduced  for  the  purpose  of  ab- 
sorbing the  melted  carbonate  of  potassa,  and  preventing  its  separation 
from  the  finely-divided  carbonaceous  matter. 

If  the  potassium  be  wanted  absolutely  pure,  it  must  be  afterwards 
re-distilled  in  an  iron  retort,  into  which  some  naphtha  has  been  put, 
that  its  vapouj-  may  expel  the  air,  and  prevent  oxidation  of  the  metal. 

Potassium  is  a  brilliant  white  metal,  with  a  high  degree  of  lustre  ; 
at  the  common  temperature  of  the  air  it  is  soft,  and  may  be  easily  cut 
with  a  knife,  but  at  32°  (0°C)  it  is  brittle  and  crystalline.  It  melts 
completely  at  136°  (57°*77C),  and  distils  at  a  low  red  heat.  The 
density  of  this  remarkable  metal  is  ouly  0*865,  water  being  unity. 

Exposed  to  the  air,  potassium  oxidizes  instantly,  a  tarnish  covering 
the  surface  of  the  metal,  which  quickly  thickens  to  a  crust  of  caustic 
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potassa.  Thrown  upon  water,  it  takes  fire  spontaneously,  and  hums 
with  a  beautiful  purple  flame,  yielding  an  alkaline  solution.  When 
brought  into  contact  with  a  little  water  in  a  jar  standing  over  mer- 
cury, the  liquid  is  decomposed  with  great  energy,  and  hydrogen 
liberated.  Potassium  is  always  preserved  under  the  suiface  of 
naphtha. 

'l"he  equivalent  of  potassium  (kalium)  is  39  ;  and  its  symbol,  K. 

There  are  two  compounds  of  this  metal  with  oxygen, — potassa  and 
teroxide  of  potassium. 

Potassa,  potash,  or  protoxide  of  potassium,  KO,  is  produced 
when  potassium  is  heated  in  dry  air ;  the  metal  burns,  and  becomes 
entirely  converted  into  a  volatile,  fusible,  white  substance,  which  is 
anhydrous  potassa.  Moistened  with  water,  it  evolves  great  heat, 
and  forms  the  hydrate. 

The  hydrate  of  potassa,  KO,HO,  is  a  very  important  substance, 
and  one  of  great  practical  utility.  It  is  always  prepared  for  use  by 
decomposing  the  carbonate  by  hydrate  of  lime,  as  in  the  following 
process,  which  is  very  convenient : — 10  parts  of  carbonate  of  potassa 
are  dissolved  in  100  parts  of  water,  and  heated  to  ebullition  in  a 
clean  untinned  iron,  or  still  better,  silver  vessel ;  8  parts  of  good 
quicklime  are  meanwhile  slaked  in  a  covered  basin,  and  the  resulting 
hydrate  of  lime  added,  little  by  little,  to  the  boiling  solution  of  carbo- 
nate, with  frequent  stii'ring.  When  all  the  lime  has  been  introduced, 
the  mixture  is  suffered  to  boil  for  a  few  minutes,  and  then  removed  from 
the  fire,  and  covered  up.  In  the  course  of  a  very  short  time,  the 
solution  will  have  become  quite  clear,  and  fit  for  decantation,  the 
carbonate  of  lime,  with  the  excess  of  hydrate,  settling  down  as  a 
heavy,  sandy  precipitate.  The  solution  should  not  eflervesce  with 
acids. 

It  is  essential  in  this  process  that  the  solution  of  carbonate  of 
potassa  be  dilute,  otherwise  the  decomposition  becomes  imperfect; 
the  proportion  of  lime  recommended  is  much  greater  than  that  re- 
quired by  theory,  but  it  is  always  proper  to  have  an  excess. 

The  solution  of  hydrate,  or,  as  it  is  commonly  called,  caustic 
potassa,  may  be  concentrated  by  quick  evaporation  in  the  ii'on  or 
silver  vessel  to  any  desired  extent :  when  heated  until  vapour  of 
water  ceases  to  be  disengaged,  and  then  suffered  to  cool,  it  furnishes 
the  solid  hydrate,  containing  single  equivalents  of  potassa  and  water. 

Pure  hydrate  of  potassa  is  a  white  solid  substance,  very  deliquescent 
and  soluble  in  water;  alcohol  also  dissolves  it  freely,  "which  is  the 
case  with  comparatively  few  of  the  compounds  of  this  base  :  the  solid 
hydrate  of  commerce,  which  is  very  impure,  may  thus  be  purified. 
The  solution  of  this  substance  possesses,  in  the  very  highest  degree,  the 
properties  termed  alkaline  :  it  restores  the  blue  colour  to  litmus  which 
has  been  reddened  by  an  acid;  neutralizes  completely  the  most 
powerful  acids;  has  a  nauseous  and  peculiar  taste,  and  dissolves  the 
skin,  and  many  other  organic  matters,  when  the  latter  are  subjected 
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to  its  action.  It  is  frequently  used  by  surgeons  as  a  cautery,  beine 
moulded  into  little  sticks  for  that  purpose. 

Hydrate  of  potas,sa,  both  in  the  solid  state  and  in  solution,  rapidly 
absorbs  carbonic  acid  from  the  air ;  hence  it  must  be  kept  in  closely- 
stopped  bottles.  When  imperfectly  prepared,  or  partially  altered  by 
exposure,  it  effervesces  with  an  acid. 

The  water  in  this  compound  cannot  be  displaced  by  heat,  the  hy- 
drate volatilizing  as  such  at  a  very  high  temperature. 

The  following  table  of  the  densities  and  value  in  real  alkali  of 
different  solutions  of  hydrate  of  potassa  is  given  on  the  authority  of 
Dr.  Dalton :—  &  j 


Density. 

1-68 
1-60 
1-52 
1-47 
1-44 
1-42 
1-39 
1-36 


Percentage  of 
real  alkali. 

51-2 
.  46-7 

42-9 
.  39-6 

36-8 
.  34-4 

32-4 
•  29-4 


Density. 

1-33 
1-28 
1-23 
1-19 
1-15 
Ml 
1-06 


Percentage  of 
real  alkali 

26-3 
.  23-4 
19-5 
.  16-2 
13-0 
9-5 
4-7 


Teroxide  op  potassium,  KO3. — This  is  an  orange-yellow  ftisible 
substance,  generated  when  potassium  is  burned  in  excess  of  diy 
oxygen  gas,  and  also  formed,  to  a  small  extent,  when  hydrate  of 
potassa  is  long  exposed,  in  a  melted  state,  to  the  air.  When  niti-e  is 
decomposed  by  a  strong  heat,  peroxide  of  potassium  is  also  produced. 
It  is  decomposed  by  water  into  potassa,  which  unites  with  the  latter, 
and  into  oxygen  gas. 

Carbonate  of  potassa,  K0,C02+2H0. — Salts  of  potassa  con- 
taining a  vegetable  acid  are  of  constant  occurrence  in  plants,  where 
they  perfoi-m  important,  but  not  yet  perfectly  understood,  functions 
in  the  economy  of  those  beings.  The  potassa  is  derived  from  the 
soil,  which,  when  capable  of  supporting  vegetable  life,  always  con- 
tains that  substance.  When  plants  are  burned,  the  organic  acids  are 
destroyed,  and  the  potassa  left  in  the  state  of  carbonate. 

It  is  by  these  indirect  means  that  carbonate,  and,  in  fact,  nearly  all 
the  salts  of  potassa,  are  obtained :  the  gi'eat  natural  depository  of  the 
alkali  is  the  felspar  of  granitic  and  other  unstratified  rocks,  where  it 
is  combined  with  silica,  and  in  an  insoluble  state.  Its  extraction 
thence  is  attended  with  too  many  difficulties  to  be  attempted  on  the 
large  scale ;  but  when  these  rocks  disintegrate  into  soils,  and  the 
alkali  acquires  solubility,  it  is  gradually  taken  up  by  plants,  and 
accumulates  in  their  substance  in  a  condition  highly  favourable  to  its 
subsequent  applications. 

Potassa-salts  are  always  most  abundant  in  the  green  and  tender 
parts  of  plants,  as  may  be  expected,  since  from  these  evaporation  of 


POTASSIUM. 


253 


nearly  pure  water  takes  place  to  a  large  extent ;  the  solid  timber  of 
forest  trees  contains  comparatively  little. 

In  preparing  the  salt  on  an  extensive  scale,  the  ashes  are  subjected 
to  a  process  called  lixiviation :  they  are  put  into  a  large  cask  or  tun, 
having  an  aperture  near  the  bottom,  stopped  by  a  plug,  and  a 
quantity  of  water  is  added.  After  some  hours  the  liquid  is  drawn 
off,  and  more  water  added,  that  the  whole  of  the  soluble  matter 
may  be  removed.  The  weakest  solutions  are  poured  upon  fresh 
quantities  of  ash,  in  place  of  water.  The  solutions  are  then  evapo- 
rated to  dryness,  and  the  residue  calcined,  to  remove  a  little  brown 
organic  matter ;  the  product  is  the  crude  potash  or  pearlash  of  com- 
merce, of  which  very  large  quantities  are  obtained  from  Russia  and 
America. 

This  salt  is  very  impure  ;  it  contains  silicate  and  sulphate  of  potassa, 
chloride  of  potassium,  &c. 

The  purified  carbonate  of  potassa  of  pharmacy  is  prepared  from  the 
crude  article  by  adding  an  equal  weight  of  cold  water,  agitating,  and 
filtering ;  most  of  the  foreign  salts  ai'e,  from  their  inferior  degree  of 
solubihty,  left  behind.  The  solution  is  then  boiled  down  to  a  very 
small  bulk,  and  suffered  to  cool,  when  the  carbonate  separates  in 
small  crystals  containing  2  equiv.  of  water,  which  are  drained  from 
the  mother-liquor,  and  then  dried  in  a  stove. 

A  still  purer  salt  may  be  obtained  by  exposing  to  a  red-heat  puri- 
fied cream  of  tartar  (acid  tartrate  of  potassa),  and  separating  the  car- 
bonate by  solution  in  water  and  ciystallization,  or  evaporation  to 
dryness. 

Carbonate  of  potassa  is  extremely  deliquescent,  and  soluble  in  less 
than  its  own  weight  of  water ;  the  solution  is  highly  alkaline  to  test 
paper.  It  is  insoluble  in  alcohol.  By  heat  the  water  of  ciystalliza- 
tion  is  driven  off,  and  by  a  temperature  of  full  ignition  the  salt  is 
fused,  but  not  otherwise  changed.  This  substance  is  largely  used  in 
the  arts,  and  is  a  compound  of  gi'eat  importance. 

Bicarbonate  of  potassa,  K0,C02+H0,C02. — When  a  stream 
of  carbonic  acid  gas  is  passed  through  a  cold  solution  of  carbonate  of 
potassa,  the  gas  is  rapidly  absorbed,  and  a  white,  crystalline,  and 
less  soluble  substance  separated,  which  is  the  new  compound.  It  is 
collected,  pressed,  re-dissolved  in  warm  water,  and  the  solution  left 
to  crystallize. 

Bicarbonate  of  potassa  is  much  less  soluble  than  simple  carbonate  • 
it  requires  for  that  pui-pose  4  parts  of  cold  water.  The  solution  is 
nearly  neutral  to  test-paper,  and  has  a  much  milder  taste  than  the 
preceding  salt.  When  boiled,  carbonic  acid  is  disengaged.  The 
crystals,  which  are  large  and  beautiful,  derive  their  form  from  a  right 
rhombic  prism  ;  they  are  decomposed  by  heat,  water  and  carbonic 
acid  being  extricated,  and  simple  carbonate  left  behind. 

NiTrtATE  OF   POTASSA  ;   NITRE  ;   SALTPETRE,    K0,N05.  —  This 

important  compound  is  a  natural  product,  being  disengaged  by  a  kind 
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of  efflorescence  from  the  surface  of  the  soil  in  certain  dry  and  hot 
countries.  It  may  also  be  produced  by  artificial  means,  namely,  by 
the  oxidation  of  ammonia  in  presence  of  a  powerful  base. 

In  France,  large  quantities  of  artificial  niti-e  are  prepared  by  mi.\in^ 
animal  refuse  of  all  kinds  with  old  mortar  or  hydrate  of  lime  and 
earth,  and  placing  the  mixture  in  heaps,  protected  from  the  rain  by  a 
roof,  but  freely  exposed  to  the  air.  From  time  to  time  the  heaps  are 
watered  with  putrid  urine,  and  the  mass  turned  over,  to  expose  fresh 
surfaces  to  the  air.  When  much  salt  has  been  formed,  the  mixture  is 
lixiviated,  and  the  solution,  which  contains  nitrate  of  lime,  mixed 
with  carbonate  of  potassa ;  carbonate  of  lime  is  formed,  and  the 
nitric  acid  transfen-ed  to  the  alkali.  The  filtered  solution  is  then 
made  to  crystallize,  and  the  crystals  purified  by  re-solution  and  crys- 
tallization several  times  repeated. 

All  the  nitre  used  in  this  country  comes  from  the  East  Indies;  it 
is  dissolved  in  water,  a  little  carbonate  of  potassa  added  to  precipitate 
lime,  and  then  the  salt  purified  as  above. 

Nitrate  of  potassa  crystallizes  in  anhydrous  six-sided  prisms,  with 
dihedral  summits;  it  is  soluble  in  7  parts  of  water  at  60"  (15°-5C), 
and  in  its  own  weight  of  boiling  water.  Its  taste  is  saline  and  cooling, 
and  it  is  without  action  on  vegetable  colours.  At  a  temperature  below 
redness  it  melts,  and  by  a  strong  heat  is  completely  decomposed. 

When  thrown  on  the  surface  of  many  metals  in  a  state  of  fusion, 
or  when  mixed  with  combustible  matter  and  heated,  rapid  oxidation 
ensues,  at  the  expense  of  the  oxygen  of  the  nitric  acid.  Examples  of 
such  mixtui'es  are  found  in  common  gunpowder,  and  in  nearly  all 
pyrotechnic  compositions,  which  bum  in  this  manner  independently 
of  the  oxygen  of  the  air,  and  even  under  water.  Gunpowder  is  made 
by  very  intimately  mixing  together  nitrate  of  potassa,  charcoal,  and 
sulphur,  in  proportions  which  approach  1  eq.  nitre,  3  eq.  carbon,  and 
1  eq.  sulphur. 

These  quantities  give,  reckoned  to  100  parts,  and  compared  with 
the  proportions  used  in  the  manufacture  of  the  English  goverament 
powder,*  the  following  results:  — 

Theory. 

Nitrate  of  potassa    .       .       .  74'8 
Charcoal    .....    io-'S  . 
Sulphur        .       .       .       .  11-9 

100-  100 

The  nitre  is  rendered  very  pure  by  tlie  means  already  mentioned, 
freed  from  water  by  fusion,  and  ground  to  fine  powder ;  the  sulphur 
and  charcoal,  the  latter  being  made  from  light  wood,  as  dogwood  or 


Proportions 
in  practice. 

75 
.  15 
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*  Dr.  M'CuUoch,  Ency.  Brit. 
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elder,  are  also  finely  ground,  after  which  the  materials  ai-e  weighed 
out,  moistened  with  water,  and  thoroughly  mixed,  by  grinding  under 
an  edge-mill.  The  mass  is  then  subjected  to  great  pressure,  and  the 
mill-cake  thus  produced  broken  in  pieces,  and  placed  in  sieves  made 
of  perforated  vellum,  moved  by  machinery,  each  containing,  in  ad- 
dition, a  round  piece  of  heavy  wood.  The  grains  of  powder  broken 
off  by  attrition  fall  through  the  holes  in  the  skin,  and  are  easily  se- 
parated from  the  dust  by  sifting.  The  powder  is,  lastly,  dried  hy 
exposure  to  steam-heat,  and  sometimes  glazed  or  polished  by  agitation 
in  a  kind  of  cask  mounted  on  an  axis. 

When  gunpowder  is  fired,  the  oxygen  of  the  nitrate  of  potassa  is 
transferred  to  the  carbon,  fonning  carbonic  acid ;  the  sulphur  com- 
bines with  the  potassium,  and  the  nitrogen  is  set  free.  The  large 
volume  of  gas  thus  produced,  and  still  farther  exp.mded  by  the  very 
exalted  temperature,  sutficiently  accounts  for  the  explosive  effects. 

Sulphate  op  potassa,  K0,S03. — The  acid  residue  left  in  the 
retort  when  nitric  acid  is  prepared  is  dissolved  in  water,  and  neu- 
tralized with  crude  carbonate  of  potassa.  The  solution  furnishes,  on 
cooling,  hard  transparent  crystals  of  the  neutral  sulphate,  which  may 
be  re-dissolved  in  boiling  water,  and  re-crystallized. 

Sulphate  of  potassa  is  soluble  in  about  10  parts  of  cold,  and  in  a 
much  smaller  quantity  of  boiling  water ;  it  has  a  bitter  taste,  and  is 
neutral  to  test-paper.  The  crystals  much  resemble  those  of  quartz  in 
figure  and  appearance ;  they  are  anhydrous,  and  decrepitate  when 
suddenly  heated,  which  is  often  the  case  with  salts  containing  no  water 
of  crystallization.    They  are  quite  insoluble  in  alcohol. 

BisULPHATE  OP  POTASSA,  KOjSOa-f  HOjSOa. — The  neutral  sul- 
phate in  powder  is  mixed  with  half  its  weight  of  oil  of  vitriol,  and  the 
whole  evaporated  quite  to  dryness  in  a  platinum  vessel,  placed  under 
a  chimney  ;  the  fused  salt  is  dissolved  in  hot  water,  and  left  to  crys- 
tallize. The  crystals  have  the  figure  of  flattened  rhombic  prisms,  and 
are  much  more  soluble  than  the  neutral  salt,  requirmg  only  twice 
their  weight  of  water  at  60°  (15°-5C),  and  less  than  half  that  quan- 
tity at  212°  (100°C).  The  solution  has  a  sour  taste  and  strongly  acid 
reaction. 

BiSDLPHATE  OF  POTASSA ,  ANHYDKOUS,  KO,2S03. — Equal  weights 
of  neutral  sulphate  of  potassa  and  oil  of  vitriol  are  dissolved  in  a 
small  quantity  of  warm  distilled  water,  and  set  aside  to  cool.  The 
anhydrous  sulphate  ciystallizes  out  in  long  delicate  needles,  which  if 
left  several  days  in  the  mother-liquor  disappear,  and  give  jilace  to 
crystals  of  the  ordinary  hydrated  bisulphate  above  described.  This 
salt  is  decomposed  by  a  large  quantity  of  water.* 

Sesqoisulphate  OF  POTASSA,  2(KO,S03) -j-HO.SOa.— A  salt, 
crystallizing  in  fine  needles  resembling  those  of  asbestos,  and  having 
the  composition  stated,  was  obtained  by  Mr.  Phillips  from  the  nitric 

*  Jacquelain,  Ann.  Chim.  et  Phys.  vol.  vli.  p.  3i]. 
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acid  residue,  M.  Jacquelain  was  unsuccessful  in  his  attempts  to  re- 
produce this  compound. 

Chlorate  of  potassa,  KO.ClOs. — The  theory  of  the  production 
of  chloric  acid,  by  the  action  of  chlorine  gas  on  a  solution  of  caustic 
potassa,  has  been  already  desciibed  (p.  157). 

Chlorine  gas  is  conducted  by  a  wide  tube  into  a  strong  and  warm 
solution  of  carbonate  of  potassa,  until  absorption  of  the  gas  ceases. 
The  liquid  is,  if  necessary,  evaporated,  and  then  allowed  to  cool,  in 
order  that  the  slightly-soluble  chlorate  may  crystallize  out.  The 
mother-liquor  affords  a  second  crop  of  crystals,  but  they  are  much 
more  contaminated  by  chloride  of  potassium.  It  may  be  purified  by 
one  or  two  re-crystallizations. 

Chlorate  of  potassa  is  soluble  in  about  20  parts  of  cold  and  2  of 
•  boOing  water  ;  the  crystals  are  anhydrous,  flat,  and  tabular  ;  in  taste 
it  somewhat  resembles  nitre.  Heated,  it  disengages  oxygen  gas  from 
both  acid  and  base,  and  leaves  chloride  of  potassium.  By  anesting 
the  decomposition  when  the  evolution  of  gas  begins,  and  re-dissolving 
the  salt,  perchlorate  of  potassa  and  chloride  of  potassium  may  be 
obtained. 

This  salt  deflagrates  violently  with  combustible  matter,  explosion 
often  occurring  by  friction  or  blows.  When  about  one  gi-ain  weight 
of  chlorate  and  an  equal  quantity  of  sulphur  are  rubbed  in  a  mortar, 
the  mixture  explodes  with  a  loud  report ;  hence  it  cannot  be  used  in 
the  preparation  of  gunpowder  instead  of  nitrate  of  potassa.  Chlorate 
of  potassa  is  now  a  large  article  of  commerce,  being  employed,  together 
with  phosphorus,  in  making  instantaneous  light  matches. 

Perchlorate  of  potassa,  KOjClOy. — This  has  been  already 
noticed  under  the  head  of  perchloric  acid.  It  is  best  prepared  by 
projecting  powdered  chlorate  of  potassa  into  waim  nitric  acid,  when 
the  chloric  acid  is  resolved  into  perchloric  acid,  chlorine  and  oxygen 
gases.  The  salt  is  separated  by  crystallization  from  the  nitrate. 
Perchlorate  of  potassa  is  a  very  feebly-soluble  salt ;  it  requires  55 
parts  of  cold  water,  but  is  more  freely  taken  up  at  a  boiling  heat. 
The  crystals  are  small,  and  have  the  figure  of  an  octahedi'on,  with 
square  base.  It  is  decomposed  by  heat,  in  the  same  manner  as  chlo- 
rate of  potassa. 

Sulphides  of  potassium.^ — There  are  not  less  than  five  or  six  dis- 
tinct compounds  of  potassium  and  sulphur,  of  which,  however,  only 
three  are  of  sufficient  importance  to  be  noticed  here ;  these  are  the 
compounds,  containing  KS,  KS3,  and  KSj. 

Simple  or  protosulphide  of  potassium,  is  formed  by  directly  com- 
bining the  metal  with  sulphur,  or  by  reducing  sulphate  of  potassa  at 
a  red-heat  by  hydrogen  or  charcoal  powder.  Another  method  is  to 
take  a  strong  solution  of  hydrate  of  potassa,  and  after  dividing  it  into 
two  equal  portions,  satui-ate  the  one  with  sulphuretted  liydrogen  gas, 
and  then  add  the  remainder.  The  whole  is  then  evaporated  to  dry- 
ness in  a  retort,  and  the  residue  fused. 
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The  protosdphicle  is  a  crystalline  cinnabar-red  mass,  very  soluble 
in  water.  The  solution  has  an  exceedingly  offensive  and  caustic  taste, 
and  is  decomposed  by  acids,  even  carbonic  acid,  with  evolution  of  sul- 
phuretted hydrogen,  and  formation  of  a  salt  of  the  acid  used.  This 
compound  is  a  strong  sulphur-base,  and  unites  with  the  sulphides  of 
hydrogen,  carbon,  arsenic,  &c.,  forming  crystallizable  saline  compounds. 
One  of  these,  KS  +  HS,  is  produced  when  hydrate  of  potassa  is  satu- 
rated with  sulphuretted  hydrogen,  as  before  mentioned. 

The  higher  sulphides  are  obtained  by  fusing  the  protosulphide  with 
different  proportions  of  sulphur.  They  are  soluble  in  water,  and 
decomposed  by  acids,  in  the  same  manner  as  the  foregoing  compound, 
with  this  addition,  that  the  excess  of  sulphur  is  precipitated  as  a  fine 
white  powder. 

Hepar  sulphuris  is  a  name  given  to  a  brownish  substance,  some- 
times used  in  medicine,  made  by  fusing  together  different  proportions 
of  carbonate  of  potassa  and  sulphur.  It  is  a  variable  mixture  of  the 
two  higher  sulphides  with  hyposulphite  and  sulphate  of  potassa. 

When  equal  parts  of  sulphur  and  dry  carbonate  of  potassa  are 
melted  together  at  a  temperature  not  exceeding  482^  (250°C),  the 
decomposition  of  the  salt  is  quite  complete,  and  all  the  carbonic  acid 
is  expelled.  The  fused  mass  dissolves  in  water,  with  the  exception 
of  a  little  mechanically-mixed  sulphur,  with  dark-brown  colour,  and 
the  solution  is  found  to  contain  nothing  besides  pentasulphide  of 
potassium  and  hyposulphite  of  potassa. 
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3K0  +  12S  =  2KS5  +  KO,S20s 
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When  the  mixture  has  been  exposed  to  a  temperature  approaching 
that  of  ignition,  it  is  found,  on  the  contrary,  to  contain  sulphate  of 
potassa,  arising  from  the  decomposition  of  the  hyposulphite  which  then 
occm-s. 
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4(K0,S202)  =  KSj  +  3(KO,S03). 


1  eq.  pentasul- 
phide of  po- 
tassium. 


3  eq.  sulphate 
of  potassa. 


From  both  these  mixtures  the  pentasulphide  of  potassium  may  be 
extracted  by  alcohol,  in  which  it  dissolves. 
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When  the  carbonate  is  fused  with  half  its  weight  of  sulphur  only, 
then  the  tersulphide,  KSs,  is  produced  instead  of  that  above  indicated  • 
3  eq.  of  potassa  and  8  eq.  of  sulphur  containing  the  elements  of  2  eq. 
sulpiride  and  1  eq.  hyposulphite. 

The  eflects  described  happen  in  the  same  manner  when  hydrate  of 
potassa  is  substituted  for  the  carbonate ;  and,  also,  when  a  solution  of 
the  hydrate  is  boiled  with  sulphur,  a  mixture  of  sulphide  and  hypo- 
sulphite always  results. 

Chloride  of  potassium,  KCl.— This  salt  is  obtained  in  large 
quantity  in  the  manufacture  of  chlorate  of  potassa ;  it  is  easily  purified 
from  any  portions  of  the  latter  by  exposure  to  a  dull  red-heat.  It  is 
also  contained  in  kelp,  and  is  sepai'ated  for  the  use  of  the  alum-maker. 

Chloride  of  potassium  closely  resembles  common  salt  in  appearance, 
assuming,  like  that  substance,  the  cubic  form  of  crystallization.  The 
crystals  dissolve  in  three  parts  of  cold,  and  in  a  much  less  quantity  of 
boiling  water ;  they  are  anhydrous,  have  a  simple  saline  taste,  with 
slight  bitterness,  and  fuse  when  exposed  to  a  red-heat.  Chloride  of 
potassium  is  volatilized  by  a  very  high  temperature. 

Iodide  of  potassidm,  KI. — There  are  two  different  methods  of 
preparing  this  important  medicinal  compound. 

(1.)  When  iodine  is  added  to  a  strong  solution  of  caustic  potassa 
free  from  carbonate,  it  is  dissolved  in  large  quantity,  fonning  a  colour- 
less solution  containing  iodide  of  potassium  and  iodate  of  potassa ;  the 
reaction  is  the  same  as  in  the  analogous  case  with  chlorine.  When 
the  solution  begins  to  be  permanently  coloured  by  the  iodine,  it  is 
evaporated  to  dryness,  and  cautiously  heated  to  redness ;  by  which  the 
iodate  of  potassa  is  entirely  converted  into  iodide  of  potassium.  The 
mass  is  then  dissolved  in  water,  and,  after  filtration,  made  to  crys- 
tallize. 

(2.)  Iodine,  water,  and  iron-filings  or  scraps  of  zinc,  are  placed  in  a 
warm  situation  until  the  combination  is  complete,  and  the  solution 
colourless.  The  resulting  iodide  of  iron  or  zinc  is  then  filtered,  and 
exactly  decomposed  with  solution  of  pure  carbonate  of  potassa,  gi-eat 
cai-e  being  taken  to  avoid  excess  of  the  latter.  Iodide  of  potassium 
and  carbonate  of  protoxide  of  iron,  or  zinc,  are  obtained  ;  the  former 
is  separated  by  filtration,  and  evaporated  until  the  solution  is  suffi- 
ciently concentrated  to  crystallize  on  cooling,  the  washings  of  the  filter 
being  added  to  avoid  loss. 

-  ,.,     p.       flodine  — ■  -p:.  Iodide  of  potassium. 

Iodide  of  iron  <  j  ^ 
l^lrou 

Carbonate   of  )  Potassa  1^°*^*^''^'^ 

.  <  (Oxygen   \ 

potassa        (Carbonic acid   Carbonate  of  protox- 

ide of  iron. 


Fel  -f  KCCOg  =  KI  -h  FeO,C05. 
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The  second  method  is  on  the  whole  to  be  preferred. 

Iodide  of  potassium  crystallizes  in  cubes,  which  ai-e  often,  from  some 
unexplained  cause,  milk-white  and  opaque ;  they  are  anhydrous,  and 
fuse  readily  when  heated.  The  salt  is  very  soluble  in  water,  but  not 
deliquescent,  when  pure,  in  a  moderately-diy  atmosphere ;  it  is  dis- 
solved by  alcohol. 

Solution  of  iodide  of  potassium,  like  those  of  all  the  soluble  iodides, 
dissolves  a  large  quantity  of  free  iodine,  forming  a  deep-brown  liquid, 
not  decomposed  by  water. 

Bromide  of  potassium,  KBr. — This  compound  may  be  obtained 
by  processes  exactly  similar  to  those  just  described,  substituting 
bromine  for  the  iodine.  It  is  a  colourless  and  veiy  soluble  salt,  quite 
indistinguishable  in  appearance  and  general  characters  from  the  iodide. 

The  salts  of  potassa  are  colourless,  when  not  associated  with  a 
coloured  metallic  oxide  or  acid.  They  are  all  more  or  less  soluble  in 
water,  and  may  be  distinguished  by  the  following  characters : — 

(1.)  Solution  of  tartaric  acid  added  to  a  moderately-strong  solution 
of  a  potassa-salt,  gives,  after  some  time,  a  white,  crystalline  precipitate 
of  cream  of  tartar  ;  the  effect  is  gi-eatly  promoted  by  strong  agitation. 

(2.)  Solution  of  bichloride  of  platinum,  with  a  little  hydrochloric 
acid,  if  necessary,  gives,  under  similar  circumstances,  a  crystalline 
yellow  precipitate,  which  is  a  double  salt  of  bichloride  of  platinum  and 
chloride  of  potassium.  Both  this  compound  and  cream  of  tai'tar  are, 
however,  soluble  in  about  60  parts  of  cold  water.  An  addition  of 
alcohol  increases  the  delicacy  of  both  tests. 

(3.)  Perchloric  acid,  and  hydrofluosilicic  acid,  give  rise  to  slightly- 
soluble  white  precipitates  when  added  to  a  potassa-salt. 

(4.)  Salts  of  potassa  usually  colour  the  outer  blowpipe  flame  pu)-ple 
or  violet ;  this  reaction  is  clearly  perceptible  only  when  the  potassa- 
salts  are  pm-e. 

SODIUM. 

This  metal  was  obtained  by  Davy  very  shortly  after  the  discovery  of 
potassium,  and  by  similar  means.  It  may  be  prepared  in  large  quantity 
by  decomposing  carbonate  of  soda  by  charcoal  at  a  high  temperature. 

Six  parts  of  anhydrous  carbonate  of  soda  are  dissolved  in  a  little 
hot  water,  and  mixed  with  two  parts  of  finely-powdered  charcoal  and 
one  part  of  charcoal  in  lumps.  The  whole  is  then  evaporated  to  dry- 
ness, transferred  to  the  iron  retort  before  described,  and  heated  in  the 
same  manner  to  whiteness.  A  receiver  containing  rock-oil  is  adapted 
to  the  tube,  and  the  whole  operation  carried  on  in  the  same  way  as 
when  potassium  is  made.  The  process,  when  well  conducted  is 
easier  and  more  certain  than  that  of  making  potassium,  ' 

Sodium  is  a  silver-white  metal,  greatly  resembling  potassium  in 
everyrespect;  itissoftat  common  temperatures, melts  at  194'^(90°C) 
and  oxidizes  very  rapidly  in  the  air.    Its  specific  gravity  is  0-972 
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Placed  upon  the  surface  of  cold  water,  sodium  decomposes  that  liquid 
with  great  violence,  but  seldom  takes  fire  unless  the  motion  of  the 
fragment  be  restrained,  and  its  rapid  cooling  diminished,  by  adding 
gum  or  starch  to  the  water.  With  hot  water  it  takes  fire  at  once, 
burning  with  a  bright-yellow  flame,  and  giving  rise  to  a  solution  of 
soda. 

The  equivalent  of  sodium  is  23,  and  its  symbol  Na  (Natrium). 

There  are  two  well-defined  compounds  of  sodium  and  oxygen  ;  the 
protoxide,  anhydrous  soda,  NaO,  and  the  binoxide,  NaO^,  or  perhaps, 
teroxide  iiaO^ ;  they  are  fonned  by  burning  sodium  in  air  or  oxygen 
gas,  and  resemble  in  eveiy  respect  the  corresponding  compounds  of 
potassium. 

Hfdrate  of  soda,  NaO,  HO. — This  substance  is  prepared  in 
practice  by  decomposing  a  somewhat  dilute  solution  of  carbonate  of 
soda  by  hydrate  of  lime ;  the  description  of  the  process  employed  in 
the  case  of  hydrate  of  potassa,  and  the  precautions  necessary,  apply 
word  for  word  to  that  of  soda. 

The  solid  hydrate  is  a  white,  fusible  substance,  very  similar  in  pro- 
jjerties  to  hydrate  of  potassa.  It  is  deliquescent,  but  dries  up  again 
after  a  time  in  consequence  of  the  absorption  of  carbonic  acid.  The 
solution  is  highly  alkaline,  and  a  powerful  solvent  for  animal  matter  : 
it  is  used  in  large  quantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  may  be  roughly  deter- 
mined from  a  knowledge  of  its  density,  by  the  aid  of  the  following 
table  di-awn  up  by  Dr.  Daltou. 


TABLE  OF  PERCENTAGE  OF  SODA  IN  SOLUTIONS  OF  DIFFEEENT 

DENSITY. 


Density. 
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Density. 
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real  soda. 

real  soda. 

2-00  . 

77-8 

1'40 

.  29-0 

1-85 

.  63-6 

1-36  . 

26-0 

1-72  . 

53-8 

1-32 

.  23-0 

1-63 

.  46-6 

1-29  . 

19-0 

1-55  . 

41-2 

1-23 

.  16-0 

1-50 

.  36-8 

1-18  . 

13-0 

1-47  . 

34-0 

1-12 

.  9-0 

1-44 

.  31-0 

1-06  . 

4-7 

Carbonate  of  soda,  NaOjCOj-l-lOHO. — Carbonate  of  soda  was 
once  exclusively  obtained  from  the  ashes  of  sea-weeds,  and  of  plants, 
such  as  the  Salsola  soda,  which  grew  by  the  sea-side,  or,  being  culti- 
vated in  suitable  localities  for  the  purpose,  were  afterwai-ds  subjected 
to  incineration.  The  barilla,  yet  employed  to  a  small  extent  in  soap- 
making,  is  thus  produced  in  several  places  on  the  coast  of  Spain,  as 
Alicant,  Carthagena,  &c.    That  made  in  Brittany  is  called  varec. 
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Carbonate  of  soda  is  now  manufactured  on  a  stupendous  scale  from 
common  salt,  or  rather  from  sulphate  of  soda,  by  a  process  of  which 
the  following  is  an  outline  : — 

A  charge  of  6001bs.  of  common  salt*  is  placed  upon  the  heai-th  of 
a  well-heated  reverberatory  furnace,  and  an  equal  weight  of  sulphuric 
acid  of  sp.  gr.  1-6  poured  upon  it  through  an  opening  in  the  roof,  and 
thoroughly  mingled  with  the  salt ;  hydrochloric  acid  gas  is  disengaged, 
which  is  either  allowed  to  escape  by  the  chimney,  or  condensed  by 
suitable  apparatus,  and  the  salt  is  converted  into  sulphate  of  soda. 
This  part  of  the  process  takes  for  completion  about  four  hours,  and 
requires  much  care  and  skill. 

The  sulphate  is  next  reduced  to  powder,  and  mixed  with  an  equal 
weight  of  chalk  or  limestone,  and  half  as  much  small  coal,  both  ground 
or  crushed.  The  mixture  is  thrown  into  a  reverberatory  furnace, 
and  heated  to  fusion^,  with  constant  stirring  ;  2  cwts.  are  about  the 
quantity  operated  on  at  once.  When  the  decomposition  is  judged 
complete,  the  melted  matter  is  raked  from  the  furnace  into  an  iron 
trough,  where  it  is  allowed  to  cool.  When  cold,  it  is  broken  up  into 
little  pieces,  and  lixiviated  with  cold  or  tepid  water.  The  solution  is 
evaporated  to  dryness,  and  the  salt  calcined  with  a  little  saw-dust  in  a 
suitable  furnace.  The  product  is  the  soda-ash,  or  British  alkali  of 
commerce,  which,  when  of  good  quality,  contains  from  48  to  52  per 
cent,  of  pure  soda,  partly  in  the  state  of  carbonate,  and  partly  as  hy- 
drate, the  remainder  being  chiefly  sulphate  of  soda  and  common  salt, 
with  occasional  traces  of  sulphite  or  hyposulphite,  and  also  cyanide  of 
sodium.  By  dissolving  soda-ash  in  hot  water,  filtering  the  solution, 
and  then  allowing  it  to  cool  slowly,  the  carbonate  is  deposited  in  large 
transparent  crystals. 

The  reaction  which  takes  place  in  the  calcination  of  the  sulphate 
with  chalk  and  coal-dust  seems  to  consist,  first,  in  the  conversion  of 
the  sulphate  of  soda  into  sulphide  of  sodium  by  the  aid  of  the  com- 
bustible matter,  and,  secondly,  in  the  double  interchange  of  elements 
between  that  substance  and  the  carbonate  of  lime. 


Sulphide 
of  sodium 

Carbonate 
of  lime 


("Sulphur 
\  Sodium. 


(Lime  l^alcium 
j  \  Oxygen 

I  Carbonic  acid 


Sulphide  of  calcium. 


Carbonate  of  soda. 


NaS  +  CaO,C02  =  CaS  -f-  NaCCO^. 

The  sulphide  of  calcium  combines  with  another  proportion  of  lime 
to  form  a  peculiar  compound,  which  is  insoluble  in  cold  or  slightly 
warm  water. 


*  Graham,  Elements,  p.  658,  vol.  i. 
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Other  processes  have  been  proposed,  and  even  earned  into  execu- 
tion, but  tlie  above,  which  was  originally  proposed  by  M.  Leblanc,  is 
found  most  advantageous. 

The  ordinary  crystals  of  carbonate  of  soda  contain  ten  equivalents 
of  water,  but  by  particular  management  the  same  salt  may  be  had 
with  fifteen,  nine,  seven,  equivalents,  or  sometimes  with  only  one. 
The  common  form  of  the  crystal  is  derived  from  an  oblique  rhombic 
prism  ;  they  effloresce  in  dry  air,  and  crumble  to  a  white  powder. 
Heated,  they  fuse  in  their  water  of  crystallization ;  when  the  latter 
has  been  expelled,  and  the  dry  salt  exposed  to  a  full  red-heat,  it  melts 
without  undergoing  change.  The  common  crystals  dissolve  in  two 
parts  of  cold,  and  in  less  than  their  own  weight  of  boiling  water ;  the 
solution  has  a  strong,  disagreeable,  alkaline  taste,  and  a  powerfully 
alkaline  reaction. 

Bicarbonate  op  soda,  KaO,C02-|-HO,C02. — This  salt  is 
prepared  by  passing  carbonic  acid  gas  into  a  cold  solution  of  the 
neutral  carbonate,  or  by  placing  the  crystals  in  an  atmosphere  of  the 
gas,  which  is  rapidly  absorbed,  while  the  crystals  lose  the  greater  part 
of  their  water,  and  pass  into  the  new  compound. 

Bicarbonate  of  soda,  prepared  by  either  process,  is  a  crystalline 
white  powder,  which  cannot  be  re-dissolved  in  warm  water  without 
partial  decomposition.  It  requires  10  parts  of  water  at  60°  (15°'C) 
for  solution ;  the  liquid  is  feebly  alkaline  to  test-paper,  and  has  a 
much  milder  taste  than  that  of  the  simple  carbonate.  It  does  not 
precipitate  a  solution  of  magnesia.  By  exposure  to  heat,  the  salt  is 
converted  into  neutral  carbonate. 

A  sesquicarbonate  of  soda  containing  2NaO,3C02-l-4HO  has  been 
described  by  Mr.  Phillips ;  like  the  sesquicarbonate  of  potassa,  it  is 
fonned  at  pleasure  only  with  difficulty.  This  salt  occurs  native  on 
the  banks  of  the  soda-lakes  of  Sokena  in  Africa,  whence  it  is  exported 
under  the  name  of  trona. 

Alkalimetry ;  Analysis  of  Hydrates  and  Carbonates  of  the  Al- 
kalis.— The  general  principle  of  these  operations  consists  in  ascer- 
taining the  quantity  of  real  alkali  in  a  given  weight  of  the  substance 
examined,  by  finding  how  much  of  the  latter  is  required  to  neutralize 
a  known  quantity  of  an  acid,  as  sulphuric  acid. 

The  first  step  is  the  preparation  of  a  stock  of  dilute  sulphuric  acid 
of  determinate  strength  ;  containing,  for  example,  100  grains  of  real 
acid  in  every  1,000  grain-measures  of  liquid:  *  a  large  quantity,  as  a 
gallon  or  more,  may  be  prepared  at  once  by  the  following  means.  The 
oil  of  vitriol  is  first  examined  ;  if  it  be  good  and  of  the  sp.  gr.  l"8o  or 

*  The  capacity  of  1,000  grains  of  distilled  water  at  60°  (15°-5C).  The  grain- 
measure  of  water  is  often  found  a  very  convenient  and  useful  unit  of  volume 
in  chemical  researches.  Vessels  graduated  on  this  plan  bear  simple  compa- 
rison with  the  imperial  gallon  and  pint,  and  frequently  also  enable  the  ope- 
rator to  nieasure  out  a  liquid  of  known  density  instead  of  weighing  it. 
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near  it,  the  process  is  extremely  simple  ;  every  49  grains  of  the  liquid 
acid  contains  40  grains  of  absolute  acid ;  the  quantity  of  the  latter 
required  in  the  gallon,  or  70,000  grain-measures  of  dilute  acid,  will 
be  of  course  7,000  grains.  This  is  equivalent  to  8-571  grains  of  the 
oil  of  vitriol,  for 


Real  acid. 
40 


Oil  of  vitriol. 
49 


7000 


8575. 


All  that  is  required  to  be  done,  therefore,  is  to  weigh  out  8,575 
grains  of  oil  of  vitriol,  and  dilute  it  with  so  much  water,  that  the  mix- 
ture, when  cold,  shall  measure  exactly  one  gallon. 

It  very  often  happens,  however,  that  the  oil  of  vitriol  to  be  used  is 
not  so  strong  as  that  above  mentioned ;  in  which  case  it  is  necessaiy 
to  discover  its  real  strength,  as  estimated  from  its  saturating  power.' 
Pure  anhydrous  carbonate  of  soda  is  prepared  by  heating  to  dull  red- 
ness, without  fusion,  the  bicarbonate  ;  of  this  salt  53  grains,  or  1  eq., 
correspond  to  31  grains  of  soda,  and  neutralize  40  grains  of  real  sul- 
phm'ic  acid. 

A  convenient  quantity  is  carefully  weighed  out,  and  added,  little  by 
little,  to  a  known  weight,  say  100  grains,  of  the  oil  of 
vitriol  to  be  tried,  diluted  with  four  or  five  times  its  Pig- 138. 
weight  of  water,  until  the  liquid,  after  warming,  becomes 
quite  neutral  to  test-paper.  By  weighing  again  the  residue 
of  the  carbonate,  it  is  at  once  known  how  much  of  the  latter 
has  been  employed  ;  the  amount  of  real  acid  in  the  hundred 
parts  of  oil  of  vitriol  is  then  easily  calculated.  Thus,  sup- 
pose the  quantity  of  carbonate  of  soda  used  to  be  105 
grains ;  then, 


Garb.  soda. 
53 


Sulph.  acid. 
40 


105 


79-24; 


79-24  grains  of  real  acid  are  consequently  contained  in  100 
grains  of  oil  of  vitriol ;  consequently. 


79-24 


100 


7000 


8833-82; 


the  weight  in  grains  of  the  oil  of  vitriol  required  to  make 
one  gallon  of  the  dilute  acid. 

The  "  alkalimeter  "  is  next  to  be  constructed.  This  is 
merely  a  1000-grain  measure,  made  of  a  piece  of  even  cylin- 
drical glass  tube,  about  15  inches  long  and  0-6  inch  inter 
nal  diameter,  closed  at  one  extremity,  and  moulded  into  a 
spout  or  lip  at  the  other.  A  strip  of  paper  is  pasted  on 
the  tube  and  suffered  to  dry,  after  which  the  instrument  is  graduated 
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by  counterpoising  it  in  a  nearly-upright  position  in  the  pan  of  a 
bahincc  of  moderate  delicacy,  and  weighing  into  it,  in  succession,  100, 
200,  300,  &c.,  grains  of  distilled  water  at  60°  (15°-5C),  until  the 
whole  quantity,  amounting  to  1,000  grains,  has  been  introduced,  the 
level  of  the  water  in  the  tube  being,  after  each  addition,  carefully 
marked  with  a  pen  upon  the  strip  of  paper,  while  the  tube  is  held 
quite  upright,  and  the  mark  made  between  the  top  and  bottom  of  the 
curve  formed  by  the  surface  of  the  water.  The  smaller  divisions  of 
the  scale,  of  10  grains  each,  may  then  .be  made  by  dividing  by  com- 
passes each  of  the  spaces  into  ten  equal  pai-ts.  When  the  graduation 
is  complete,  and  the  operator  is  satisfied  with  its  accuracy,  the  marks 
may  be  transferred  to  the  tube  itself  by  a  shai-p  file,  and  the  paper 
removed  by  a  little  wann  water.  The  numbers  are  scratched  on  the 
glass  with  the  hard  eud  of  the  same  file,  or  with  a  diamond.  When 
this  alkalimeter  is  used  with  the  dilute  acid  described,  every  division 
of  the  glass  will  con-espond  to  one  grain  of  real  sulphuric  acid. 

Let  it  be  requhred,  by  way  of  example,  to  test  the  commercial 
value  of  soda-ash,  or  to  examine  it  for  scientific  purposes  :  50  grains 
of  the  sample  are  weighed  out,  dissolved  in  a  little  waim  water,  and, 
if  necessary,  the  solution  filtered  ;  the  alkalimeter  is  then  filled  to  the 
top  of  the  scale  with  the  test-acid,  and  the  latter  poured  from  it  into 
the  alkaline  solution,  which  is  tried  fi-om  time  to  time  with  red 
litmus-paper.  The  addition  of  acid  must  of  course  be  made  very 
cautiously  as  neutralization  advances.  When  the  solution,  after  being 
heated  a  few  minutes,  no  longer  affects  either  blue  or  red  test-paper, 
the  measure  of  liquid  employed  is  read  off,  and  the  quantity  of  soda 
present  in  the  state  of  carbonate  or  hydrate  in  the  50  grains  of  salt 
found  by  the  rule  of  proportion.  Suppose  33  measures,  consequently 
33  grains  of  acid,  have  been  taken  ;  then 

Sulph.  acid.  Soda. 

40       :       31       =       33       :  25-57; 

the  sample  contains,  therefore,  51*2  per  cent,  of  available  alkali. 

It  will  be  easily  seen  that  the  principle  of  the  process  described 
admits  of  very  wide  application,  and  that,  by  the  aid  of  the  alkali- 
meter and  carefully-prepared  test-acid,  the  hydrates  and  carbonates  of 
potassa,  soda,  and  ammonia,  both  in  the  solid  state  and  in  solution, 
can  be  examined  with  great  ease  and  accuracy.  The  quantity  of  real 
alkali  in  a  solution  of  caustic  ammonia  may  thus  be  determined,  the 
equivalent  of  that  substance,  and  the  amount  of  acid  required  to 
neutralize  a  known  weight,  being  inserted  as  the  second  and  third 
terms  in  the  above  rule-of-three  statement.  The  same  acid  answers 
for  all. 

The  alkalimeter  represented  in  fig.  138,  is  the  simplest  form  of 
this  instrument.  The  pouring  out  of  minute  quantities  is  greatly 
facilitated  by  providing  the  measure  with  a  narrow  dropping  tube, 
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ficr  139,  tlie  lower  extremity  of  which  is  soldered  into  the  measure,  whilst 
the  upper  one  is  bent  outward  and  shai-ply  cut  off.  This  kind  of 
burette,  which  is  known  as  Gay-Lussac's,  is  chiefly  used  m  1<  ranee. 


Fig.m.  Fig.UO.  Mg.lil. 


The  liquid  may  be  very  conveniently  poured  from  it ;  but  it  is  rather 
easily  broken,  so  that  its  manipulation  requires  a  good  deal  of  care. 
This  defect  is  greatly  obviated  in  the  burette,  fig.  140,  in  which  the 
graduated  tube  is  provided  with  a  spout  at  the 
top,  there  being  at  the  same  time  an  orifice  for 
pouring  in  the  liquid. 

A  very  elegant  instrument  has  lately  been 
contrived  by  Dr.  Mohr  of  Coblentz.  It  is  a 
graduated  tube,  at  one  end  drawn  out  to  a 
point,  to  which  is  attached,  by  means  of  a  nar- 
row vulcanized  caoutchouc  tube,  a  short  glass 
tube,  likewise  drawn  out  to  a  point,  fig.  141. 
There  is  a  small  space  (about  J  inch)  between 
the  two  tubes,  upon  which  is  fixed  a  metallic 
clamp,  a,  represented  in  its  actual  dimensions 
in  fig.  142.  This  clamp  shuts  off  the  connec- 
tion between  this  graduated  cylinder  and  the 
small  glass  tube.  But  by  pressing  with  the 
fingers  upon  the  ends,  b  b,  of  this  clamp,  it  opens,  and  allows  the 
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liquid  to  flow  out  of  the  lower  tube.  It  is  evident  that  by  this 
ai-rangement  the  amount  of  liquid  may  be  regulated  with  the  greatest 
nicety. 

It  is  often  desirable,  in  the  anal3'sis  of  carbonates,  to  determine 
directly  the  proportion  of  carbonic  acid  :  the  following  methods  leave 
nothing  to  be  desired  in  point  of  precision  : — 

A  small  light  glass  flask  of  three  or  four  ounces  capacity,  with 
lipped  edge,  is  chosen,  and  a  cork  fitted  to  it.    A  piece  of  tube  about 
three  inches  long  is  drawn  out  at  one  extre- 
Fig.  143.  mity,  and  fitted,  by  means  of  a  small  cork  and 

a  bit  of  bent  tube,  to  the  cork  of  the  flask. 
This  tube  is  filled  with  fragments  of  chloride 
of  calcium,  prevented  from  escaping  by  a  little 
cotton  at  either  end ;  the  joints  are  secured 
by  sealing-wax.  A  short  tube,  closed  at  one 
extremity,  and  small  enough  to  go  into  the 
flask,  is  also  provided,  and  the  apparatus  is 
complete.  Fifty  grains  of  the  carbonate  to  be 
examined  are  carefully  weighed  out  and  intro- 
duced into  the  flask,  together  with  a  little 
water ;  the  smaU  tube  is  then  filled  with  oil  of  vitriol,  and  placed  in 
the  flask  in  a  nearly  upright  position,  and  leaning  against  its  side  in 
such  a  manner  that  the  acid  does  not  escape.  The  cork  and  chloride 
of  calcium  tube  are  then  adjusted,  and  the  whole  apparatus  accurately 
counterpoised  on  the  balance.  This  done,  the  flask  is  slightly  in- 
clined, so  that  the  oil  of  vitriol  may  slowly  mix  with  the  other  sub- 
stances and  decompose  the  carbonate,  tlie  gas  from  which  escapes  in  a 
dry  state  from  the  extremity  of  the  tube.  When  the  action  has  en- 
tirely ceased,  the  liquid  is  heated  until  it  boils,  and  the  steam  begins 
to  condense  in  the  drying-tube ;  it  is  then  left  to  cool,  and  weighed, 
when  the  loss  indicates  the  quantity  of  carbonic  acid.    The  acid  must 

be  in  excess  after  the  experiment.  When 
^9- 1*4'  carbonate  of  lime  is  thus  analysed,  strong 

hydrochloric  acid  must  be  substituted  for 
the  oil  of  vitriol. 

Instead  of  the  above  apparatus  a  neat 
ari'angement  may  be  used  which  was  first 
suggested  by  Will  and  Fresenius.  It 
consists  of  two  small  glass  flasks,  A  and 
B,  the  latter  being  somewhat  smaller  than 
the  former.  Both  the  flasks  are  pro- 
vided with  a  doubly-perforated  cork.  A 
tube,  open  at  both  ends,  but  closed  at 
the  upper  extremity  by  means  of  a  small 
quantity  of  wax,  passes  through  the  cork 
of  A  to  the  very  bottom  of  the  flask, 
whilst  a  second  tube  reaching  to  the  bottom  of  B  establishes  a  com- 
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munication  between  the  two  flasks.  The  cork  of  B  is  provided,  more- 
over, with  a  short  tube  d.  In  order  to  analyse  a  carbonate,  a  suitable 
quantity  (fifty  grains)  is  put  into  A,  together  with  some  water.  B  is 
half  filled  with  concentrated  sulphuric  acid,  the  apparatus  tightly  fitted 
and  weighed.  A  small  quantity  of  air  is  now  sucked  out  of  flask  B  by 
means  of  the  tube  d,  whereby  the  air  in  A  is  likewise  rarefied.  Imme- 
diately a  portion  of  sulphuric  acid  ascends  in  the  tube  c,  and  flows  over 
into  flask  A,  causing  a  disengagement  of  carbonic  acid,  which  escapes 
at  d,  after  having  been  perfectly  dried  by  passing  through  the  bottle  B. 
This  operation  is  repeated  until  the  whole  of  the  carbonate  is  decom- 
posed, and  the  process  terminated  by  opening  the  wax  stopper,  and 
drawing  a  quantity  of  air  through  the  apparatus.  The  apparatus  is 
now  re-weighed.  The  difi'erence  of  the  two  weighings  expresses  the 
quantity  of  carbonic  acid  in  the  compound  analysed. 

StJLPHATE  OF  SODA,  GLAUBEE's  SALT,  NaO,  SO3  +  lOHO. — This 
is  a  by-product  in  several  chemical  operations  ;  it  may  of  course  be 
prepared  directly,  if  wanted  pure,  by  adding  dilute  sulphuric  acid,  to 
saturation,  to  a  solution  of  carbonate  of  soda.  It  crystallizes  in  a 
figure  derived  from  an  oblique  rhombic  prism  ;  the  crystals  contain 

10  eq.  of  water,  are  efflorescent,  and  undergo  watery  fusion  when 
heated,  like  those  of  the  carbonate  ;  they  are  soluble  in  twice  their 
weight  of  cold  water,  and  rapidly  increase  in  solubility  as  the  tem- 
perature of  the  liquid'  rises  to  91°"5  (33°C),  when  a  maximum  is 
reached,  100  parts  of  water  dissolving  322  parts  of  the  salt.  Heated 
beyond  this  point,  the  solubility  diminishes,  and  a  portion  of  sul- 
phate is  deposited.  A  warm  saturated  solution,  evaporated  at  a  high 
temperature,  deposits  opaque  prismatic  crystals,  which  are  anhydrous. 
This  salt  has  a  shghtly-bitter  taste,  and  is  purgative.  Mineral  springs 
sometimes  contain  it,  as  at  Cheltenham. 

BisuLPHATB  OF  SODA,  NaO,S03  -j-  H0,S03  +  3 HO.— This  is 
prepared  by  adding  to  10  parts  of  anhydrous  neutral  sulphate,  7  of 

011  of  vitriol,  evaporating  the  whole  to  dryness,  and  gently  igniting. 
The  bisulphate  is  very  soluble  in  water,  and  has  an  acid  reaction.  It 
is  not  dehquescent.  When  very  strongly  heated,  the  fused  salt  gives 
up  anhydrous  sulphuric  acid,  and  becomes  simple  sulphate ;  a  change 
which  necessarily  supposes  the  previous  formation  of  a  true  anhydrous 
bisulphate,  NaO,2S03. 

Hyposulphite  of  soda,  NaO,S202.— There  are  several  modes 
of  procuring  this  salt,  which  is  now  used  in  considerable  quantity  for 
photographic  purposes.  One  of  the  best  is  to  form  neutral  sulphite  of 
soda,  by  passing  a  stream  of  well-washed  sulphurous  acid  gas  into  a 
strong  solution  of  carbonate  of  soda,  and  then  to  digest  the  solution 
with  sulphur  at  a  gentle  heat  during  several  days.  By  careful  eva- 
poration at  a  moderate  temperature  the  salt  is  obtained  in  large  and 
regular  crystals,  which  are  very  soluble  in  water. 

Nitrate  of  soda;  cubic  nitre,  NaO,N05.— Nitrate  of  soda 
occurs  native,  and  in  enonnous  quantity,  at  Atacama  in  Peru,  where 
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it  forms  a  regular  bed,  of  great  extent,  covered  with  clay  and  alluvial 
matter.  The  pure  salt  commonly  crystallizes  in  rhombohedra,  re- 
senibling  those  of  calcareous  spar,  but  is  probably  dimorphous.  It  is 
deliquescent,  and  very  soluble  in  water.  Nitrate  of  soda  is  employed 
for  making  nitric  acid,  but  cannot  be  used  for  gunpowder,  as  the 
mixture  burns  too  slowly,  and  becomes  damp  in  the  air.  It  has  been 
lately  used  with  some  success  in  agriculture  as  a  superficial  manure  or 
top-dressing. 

Phosphates  of  soda;  common  tribasic  phosphate,  2NaO, 
HO,  PO5  +  24HO. — This  beautiful  salt  is  prepared  by  precipitatmg 
the  acid  phosphate  of  lime  obtained  by  decomposing  bone-earth  by 
sulphuric  acid,  with  a  slight  excess  of  carbonate  of  soda.  It  crystal- 
lizes in  oblique  rhombic  prisms,  which  are  efflorescent.  The  crystals 
dissolve  in  4  parts  of  cold-  water,  and  undergo  the  aqueous  fusion 
when  heated.  The  salt  is  bitter  and  purgative  ;  its  solution  is  alka- 
line to  test-paper.  Crystals  containing  14  equivalents  of  water,  and 
having  a  form  different  from  that  above  mentioned,  have  been  ob- 
tained. 

A  second  tribasic  phosphate,  sometimes  called  subphosphate, 
3NaO,P05-f24HO,  is  obtained  by  adding  a  solution  of  caustic  soda  to 
the  preceding  salt.  The  crystals  are  slender  six-sided  prisms,  soluble 
in  5  parts  of  cold  water.  It  is  decomposed  by  acids,  even  carbonic, 
but  suffers  no  change  by  heat,  except  the  loss  of  its  water  of  crystal- 
lization. Its  solution  is  strongly  alkaline.  A  third  tribasic  phos- 
phate often  called  superphosphate  or  biphosphate,  NaO,2HO, 
PO5-I-2HO,  may  be  obtained  by  adding  phosphoric  acid  to  the  ordi- 
nary phosphate,  until  it  ceases  to  precipitate  chloride  of  barium,  and 
exposing  the  concentrated  solution  to  cold.  The  ciystals  are  prismatic, 
very  soluble,  and  have  an  acid  reaction.  When  strongly  heated,  the 
salt  becomes  changed  into  monobasic  phosphate  of  soda. 

Tribasic  phosphate  of  soda,  ammonia,  and  water  ;  microcosmic  salt, 
NaO,NH^O,HO,P05-f  8H0.— Six  parts  of  common  phosphate  of 
soda  are  heated  with  2  of  water  until  the  whole  is  liquefied,  when  1 
part  of  powdered  sal-ammoniac  is  added ;  common  salt  separates,  and 
may  be  removed  by  a  filter,  and  from  the  solution,  duly  concentrated, 
the  new  salt  is  deposited  in  prismatic  crystals,  which  may  be  purified 
by  one  or  two  re-crystallizations.  Microcosmic  salt  is  very  soluble. 
When  gently  heated,  it  parts  with  the  8  eq.  of  water  of  crystalliza- 
tion, and,  at  a  higher  temperature,  the  water  acting  as  base  is  expelled, 
together  with  the  ammonia,  and  a  very  fusible  compound,  metaphos- 
phate  of  soda,  remains,  which  is  valuable  as  a  flux  in  blo'O'pipe  ex- 
periments.   This  salt  is  said  to  occur  in  the  urine. 

Bibasic  phosphate  of  soda  ;  Pyrophosphate  of  soda,  2NaO, 
PO5-I-IOHO.  Prepared  by  strongly  heating  common  phosphate  of 
soda,  dissolving  the  residue  in  water,  and  re-crystallizing.  The 
crystals  are  very  brilliant,  permanent  in  the  air,  and  less  soluble  than 
the  original  phosphate ;  their  solution  is  alkaline.    A  bibasic  phos- 
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phate,  containing  an  equivalent  of  basic  water,  has  been  obtained  ;  it 
does  not,  however,  crystallize. 

Monobasic  phosphate  op  soda;  metaphosphate  of  soda, 
NaO,P05.— Obtained  by  heating  either  the  acid  tribasic  phosphate, 
or  microcosmic  salt.  It  is  a  transparent  glassy  substance,  fusible  at 
a  dull  red-heat,  deliquescent,  and  very  soluble  in  water.  It  refuses 
to  crystallize,  but  dries  up  into  a  gum-like  mass. 

If  this  glassy  phosphate  be  cooled  very  slowly  it  separates  as  a  beau- 
tifully crystalline  mass.  It  may  be  purified  by  means  of  boiling 
water  from  the  vitreous  metaphosphate  which  will  not  crystallize. 
Another  metaphosphate  has  been  obtained  by  adding  sulphate  of  soda 
to  an  excess  of  phosphoric  acid,  evaporating  and  heating  to  upwards 
of  600°  (315°-5C).  Possibly  these  several  metaphosphates  may  be 
represented  by  the  formulsB  NaO,POg  ;  2NaO,2P05;  3NaO,3POs. 
(Graham.) 

The  tribasic  phosphates  give  a  bright-yellow  precipitate  with  solu- 
tion of  nitrate  of  silver  ;  the  bibasic  and  monobasic  phosphates,  afford 
white  precipitates  with  the  same  substance.  The  salts  of  the  two 
latter  classes,  fused  with  excess  of  carbonate  of  soda,  yield  the  tribasic 
modification  of  the  acid. 

Phosphates  intermediate  between  the  monobasic  and  bibasic  phos- 
phates of  soda,  3NaO,2P05  and  6NaO,5P05. — The  first  is  produced 
by  fusing  100  parts  of  anhydrous  pyrophosphate  of  soda,  and  76*87 
parts  of  metaphosphate  of  soda.  The  white  crystalline  mass  is  reduced 
to  powder,  and  quickly  exhausted  with  water.  The  solution  on  ex- 
posure to  the  atmosphere  yields  small  plates  which  are  ver/  soluble  in 
water. 

The  second  is  produced  by  fusing  100  parts  of  pyrophosphate  of 
soda,  and  307  •  5  of  metaphosphate ;  it  crystallizes  with  more  difficulty 
tlian  the  preceding  compound. 

MM.  Fleitmann  and  Henneberg,  the  discoverers  of  these  new  phos- 
phates, represent  the  different  phosphates  thus — 

Common  phosphate  .  .  .  6NaO,2POg 
Pyrophosphate     ....  6NaO,3POg 

New  phosphates  ....  {e^^SiSog 
Metaphosphate     ....  6NaO,6P05 

In  each  of  which  six  equivalents  of  the  base  are  combined  with  a 
different  polymeric  acid. 

BiBORATE  OF  SODA;  BORAX,  NaO,2B03-|- lOHO. — This  com- 
pound occurs  in  the  waters  of  certain  lakes  in  Thibet  and  Persia  ;  it  is 
imported  in  a  crude  state  from  the  East  Indies  under  the  name  of  tincal. 
When  purified  it  constitutes  the  borax  of  commerce.  Much  borax  is 
now,  however,  manufactured  from  the  native  boracic  acid  of  Tuscany. 
Borax  crystallizes  in  six-sided  prisms,  which  effloresce  in  dry  air, 
and  require  20  parts  of  cold,  and  6  of  boiling  water  for  solution. 
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Exposed  to  heat,  the  10  eq.  of  water  of  crystallization  are  expelled, 
and  at  a  higher  temperature  the  salt  fuses,  and  assumes  a  glassy- 
appearance  on  cooling  ;  in  this  state  it  is  much  used  for  blowpipe 
experiments,  the  metallic  oxides  dissolving  in  it  to  transparent 
beads,  many  of  which  are  distinguished  by  characteristic  colours. 
By  particular  management,  crystals  of  borax  can  be  obtained  with 
5  eq.  of  water ;  they  are  veiy  hard,  and  permanent  in  the  air.  Al- 
though by  constitution  an  acid  salt,  borax  has  an  alkaline  reaction  to 
test-paper.  It  is  used  in  the  arts  for  soldering  metals,  its  action  con- 
sisting in  rendering  the  surfaces  to  be  joined  metallic,  by  dissolving 
the  oxides,  and  it  sometimes  enters  into  the  composition  of  the  glaze 
with  which  stoneware  is  covered. 

Neutral  borate  of  soda  may  be  fonned  by  fusing  together  borax 
and  carbonate  of  soda  in  equivalent  proportions,  and  then  dissolving 
the  mass  in  water.  The  crystals  are  large,  and  contain  ]S'aO,BO,+ 
8H0. 

Sulphide  op  sodium,  NaS. — Prepared  in  the  same  manner  as  the 
protosulphide  of  potassium ;  it  separates  from  a  concentrated  solution 
in  octahedral  crystals,  which  are  rapidly  decomposed  by  contact  of 
air  into  a  mixture  of  hydrate  and  hyposulphite  of  soda.  It  forms 
double  sulphur-salts  with  sulphuretted  hydrogen,  bisulphide  of  carbon, 
and  other  sulphur-acids. 

Sulphide  of  sodium  is  supposed  to  enter  into  the  composition  of 
the  beautiful  pigment  ultramarine,  prepared  from  the  lapis  lazuli, 
and  which  is  now  imitated  by  artificial  means.* 

Chloride  of  sodium  ;  common  salt,  NaCl. — This  very  impoi-tant 
substance  is  found  in  many  parts  of  the  world  in  solid  beds  or  irre- 
gular strata  of  immense  thickness,  as  in  Cheshire,  for  example,  in 
Spain,  Galicia,  and  many  other  localities.  An  inexhaustible  supply 
exists  also  in  the  waters  of  the  ocean,  and  large  quantities  are  an- 
nually obtained  from  saline  springs. 

The  rock-salt  is  almost  always  too  impure  for  use ;  if  no  natural  brine- 
spring  exist,  an  artificial  one  is  formed  by  sinking  a  shaft  into  the 
rock-salt,  and,  if  necessary,  introducing  water.  This  when  saturated 
is  pumped  up,  and  evaporated  more  or  less  rapidly  in  large  iron  pans. 
As  the  salt  separates,  it  is  removed  from  the  bottom  of  the  vessels  by 
means  of  a  scoop,  pressed  while  still  moist  into  moulds,  and  then 
transferred  to  the  drying  stove.  When  large  crystals  are  required,  as 
for  the  coarse-grained  bay-salt  used  in  curing  provisions,  the  evapora- 
tion is  slowly  conducted.  Common  salt  is  apt  to  be  contaminated 
with  chloride  of  magnesium. 

When  pure,  this  substance  is  not  deliquescent  in  moderately-dry 
air.  It  crystallizes  in  anhydrous  cubes,  which  are  often  grouped  to- 
gether into  pyramids,  or  steps.  It  requii-es  about  2i  parts  of  water 
at  60°  (15°-5C)  for  solution,  and  its  solubility  is  not  sensibly  increased 


*  See  Pharmaceutical  Journal,  il.  53. 
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by  heat ;  it  dissolves  to  some  extent  in  spirit  of  wine,  but  is  nearly 
insoluble  in  absolute  alcohol.  Chloride  of  sodium  fuses  at  a  red-heat, 
and  is  volatile  at  a  still  higher  temperatui-e.  The  economical  uses  of 
common  salt  are  well  known. 

The  iodide  and  bromide  of  sodium  much  resemble  the  corresponding 
potassium-compounds  :  they  crystallize  iu  cubes  which  are  anhydrous, 
and  are  very  soluble  in  water. 


There  is  no  good  precipitant  for  soda,  all  the  salts  being  veiy 
soluble  with  the  exception  of  antimoniate  of  soda,  the  use  of  which  is 
attended  with  difficulties  ;  its  presence  is  often  determined  by  purely 
negative  evidence.  The  yellow  colour  imparted  by  soda-salts  to  the 
outer  flame  of  the  blowpipe,  and  to  combustible  matter,  is  a  character 
of  some  importance. 

AMMONIUM. 

In  connection  with  the  compounds  of  potassium  and  sodium,  those 
formed  by  ammonia  are  most  conveniently  studied.  Ammoniacal 
salts  correspond  in  every  respect  iu  constitution  with  those  of  potassa 
and  soda ;  in  all  cases  the  substance  which  replaces  those  alkalis  is 
hydrate  of  ammonia,  or,  as  it  is  now  almost  generally  considered,  the 
oxide  of  a  hypothetical  substance  called  ammonium,  capable  of  play- 
ing the  part  of  a  metal,  and  isomorphous  with  potassium  and  sodium. 
All  attempts  to  isolate  this  substance  have  fixiled,  apparently  from  its 
tendency  to  separate  into  ammonia  and  hydrogen  gas. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened  caustic 
potassa,  and  connected  with  the  negative  side  of  a  voltaic  battery  of 
very  moderate  power,  while  the  circuit  is  completed  through  the  plati- 
num plate  upon  which  rests  the  alkali,  decomposition  of  the  latter 
takes  place,  and  an  amalgam  of  potassium  is  rapidly  formed. 

If  this  experiment  be  now  repeated  with  a  piece  of  sal-ammoniac 
instead  of  hydrate  of  putassa,  a  soft,  solid,  metalline  mass  is  also  pro- 
duced, which  has  been  called  the  ammoniacal  amalgam,  and  consi- 
dered to  contain  ammonium  in  combination  with  mercury.  A  still 
simpler  method  of  preparing  this  extraordinary  compound  is  the  fol- 
lowing : — A  little  mercury  is  put  into  a  test-tube  with  a  grain  or  two 
of  potassium  or  sodium,  and  gentle  heat  applied  ;  combination  ensues, 
attended  by  heat  and  light.  When  cold,  the  fluid  amalgam  is  put 
into  a  capsule,  and  covered  with  a  strong  solution  of  sal-ammoniac. 
The  production  of  an  ammoniacal  amalgam  instantly  commences,  the 
mercury  increases  prodigiously  in  volume,  and  becomes  quite  pasty. 
The  inci-ease  of  weight  is,  however,  quite  trifling :  it  varies  from  j^th 
to  -mm  Pai-t. 

Left  to  itself,  the  amalgam  quickly  decomposes  into  fluid  mercury, 
ammonia,  and  hydrogen. 
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It  is  difficult  to  offer  any  opinion  concerning  the  real  nature  of  this 
compound  :  something  analogous  occurs  when  pure  silver  is  exposed  to 
a  very  high  temperature,  much  above  its  melting-point,  in  contact 
with  air  or  oxygen  gas  ;  the  latter  is  absorbed  in  very  lai-ge  quantity, 
amounting,  according  to  the  observation  of  Gay-Lussac,  to  20  times 
the  volume  of  the  silver,  and  is  again  disengaged  on  lessening  the 
heat.  The  metal  loses  none  of  its  lustre,  and  is  not  sensibly  altered 
in  other  respects. 

The  gi-eat  argument  in  favour  of  the  existence  of  ammonium  is 
founded  on  the  perfect  comparison  which  the  ammoniacal  salts  bear 
with  those  of  the  alkaline  metals. 

The  equivalent  of  ammonium  is  1 8  ;  its  symbol  is  NH4. 

Chloride  of  ammonium;  sal-ammoniac,  NH4CI.— Sal-ammo- 
niac was  formerly  obtained  from  Egypt,  being  extracted  by  sublima- 
tion from  the  soot  of  camels'  dung ;  it  is  now  largely  manufactured 
from  the  ammoniacal  liquid  of  the  gas-works,  and  from  the  condensed 
products  of  the  distillation  of  bones,  and  other  animal  refuse,  in  the 
preparation  of  animal  charcoal. 

These  impure  and  highly-offensive  solutions  are  treated  with  a  slight 
excess  of  hydrochloric  acid,  by  which  the  free  alkali  is  neutralized, 
and  the  carbonate  and  sulphide  decomposed  with  evolution  of  cai- 
bonic  acid  and  sulphuretted  hydrogen  gases.  The  liquid  is  evaporated 
to  dryness,  and  the  salt  carefully  heated,  to  expel  or  decompose  the 
tarry  matter  ;  it  is  then  purified  by  sublimation  in  lai-ge  iron  vessels 
lined  with  clay,  sui-mounted  with  domes  of  lead. 

Sublimed  sal-ammoniac  has  a  fibi'ous  texture;  it  is  tough,  and  dif- 
ficult to  powder. 

When  crystaUized  from  water  it  separates,  under  favourable  cir- 
cumstances, m  distinct  cubes  or  octahedra;  but  the  crystals  are 
usually  small,  and  aggregated  together  in  rays.  It  has  a  sharp  salme 
taste,  and  is  soluble  in  2f  parts  of  cold,  in  a  much  smaller  quantity 
of  hot  water.  By  heat,  it  is  sublimed  without  decomposition.  The 
crystals  ai-e  anhydrous.  Chloride  of  ammonium  forms  double  salts 
with  the  chlorides  of  magnesium,  nickel,  cobalt,  manganese,  zinc, 
and  copper. 

Sulphate  of  oxide  of  ammonium  ;  sulphate  of  ammonia, 
NH40,S03-|-H0. — Prepared  by  neutralizing  carbonate  of  ammonia 
by  sulphuric  acid,  or  on  a  large  scale,  by  adding  sulphuric  acid  in  ex- 
cess to  the  coal-gas  liquor  just  mentioned,  and  purifying  the  product 
by  suitable  means.  It  is  soluble  in  2  parts  of  cold  water,  and  crystal- 
lizes in  long,  flattened,  six-sided  prisms,  which  lose  an  equivalent  of 
water  when  heated.  It  is  entirely  decomposed,  and  driven  off  by 
ignition,  and,  even  to  a  certain  extent,  by  long  boiling  with  water, 
ammonia  being  expelled  and  the  liquid  rendered  acid. 

Carbonates  of  ammonia. — These  compounds  have  been  care- 
fully examined  by  Professor  Rose,  of  Berlin,*  and  appear  very  uume- 
*  Annalen  der  Pharmacie,  xxx.  45. 
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rous.  The  neutral,  anhydrous  carbonate,  NHs.COa,  is  prepared  by 
the  direct  union  of  carbonic  acid  with  ammoniacal  gas,  both  being  care- 
fully dried  and  cooled.  The  gases  combine  in  the  proportions  of  one 
measure  of  the  first  to  two  of  the  second,  and  give  rise  to  a  pungent, 
and  very  volatile  compound,  which  condenses  in  white  flocks.  It  is  very 
soluble  in  water.  The  pungent,  transparent,  carbonate  of  ammonia  of 
pharmacy,  which  is  prepared  by  subliming  a  mixtui  e  of  sal-ammoniac 
and  chalk,  always  contains  less  base  than  that  required  to  form  a 
neutral  carbonate.  Its  composition  varies  a  good  deal,  but  in  freshly- 
prepared  specimens  approaches  that  of  a  sesquicarbonate  of  oxide  of 
ammonium,  2NH40,3C02. — When  heated  in  a  retort,  the  neck  of 
which  dips  into  mercury,  it  is  decomposed,  with  disengagement  of 
pure  carbonic  acid,  into  neutral  hydrated  carbonate  of  ammonia,  and 
several  other  compounds.  Exposed  to  the  air  at  common  temperatures, 
it  disengages  neutral  carbonate  of  ammonia,  loses  its  pungency,  and 
crumbles  down  to  a  soft,  white  powder,  which  is  a  bicarbonate,  con- 
taining NH40,C02  +  HO,C02.  This  is  a  permanent  combination, 
altliough  still  volatile.  When  a  strong  solution  of  the  commercial 
sesquicarbonate  is  made  with  tepid  water,  and  filtered,  wann,  into 
a  close  vessel,  large  and  regular  crystals  of  bicarbonate,  having  the 
above  composition,  ai'e  sometimes  deposited  after  a  few  days.  These 
are  inodorous,  quite  permanent  in  the  air,  and  resemble  in  the  closest 
manner,  crystals  of  bicarbonate  of  potassa. 

Nitrate  of  ammonia,  NH^O,]S(Og,  is  easily  prepared  by  adding 
carbonate  of  ammonia  to  slightly-diluted  nitric  acid  until  neutraliza- 
tion has  been  reached.  By  slow  evaporation  at  a  moderate  tempera- 
ture it  crystallizes  in  six-sided  prisms,  like  those  of  nitrate  of  potassa ; 
but,  as  usually  prepared  for  making  nitrous  oxide,  by  quick  boiling, 
until  a  portion  solidifies  completely  on  cooling,  it  forms  a  fibrous  and 
indistinct  crystalline  mass. 

Nitrate  of  ammonia  dissolves  in  two  parts  of  cold  water,  is  but  feebly 
deliquescent,  and  deflagrates  like  nitre  on  contact  with  heated  com- 
bustible matter.  Its  decomposition  by  heat  has  been  already  ex- 
plained.* 

Sulphides  of  ammonium. — Several  of  these  compounds  exist, 
and  may  be  formed  by  distilling  with  sal-ammoniac  the  corresponding 
sulphides  of  potassium  or  sodium. 

The  double  sulphide  of  ammonium  and  hydrogen,  NH4S-t-HS 
commonly  called  hydrosulphate  of  ammonia,  or,  more  correctly,  hy- 
drosulphate  of  sulphide  of  ammonium,  is  a  compound  of  great  prac- 
tical utility :  it  is  obtained  by  saturating  a  solution  of  ammonia  with 
well-washed  sulphuretted  hydrogen  gas,  until  no  more  of  the  latter 
is  absorbed.  The  solution  is  nearly  colourless  at  first,  but  becomes 
yellow  after  a  time,  without,  however,  suffering  material  injury,  unless 
it  has  been  exposed  to  the  air.    It  gives  precipitates  with  most 

*  Page  130. 
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metallic  solutious,  which  are  very  often  characteristic,  and  is  of  great 
service  in  analytical  chemistry. 


When  dry  ammoniacal  gas  is  brought  in  contact  with  anhydrous 
sulphuric  acid,  a  white  crystalline  compound  is  produced,  which  is 
soluble  in  water.  In  a  freshly-prepai-ed  cold  solution  of  this  sub- 
stance neither  sulphuric  acid  nor  ammonia  can  be  found ;  but  after 
standing  some  time,  and  especially  if  heat  be  applied,  it  passes  into 
ordinary  sulphate  of  ammonia. 

A  compound  of  dry  ammoniacal  gas  and  sulphurous  acid  also 
exists;  it  is  a  yellow  soluble  substance,  altogether  distinct  from 
sulphite  of  ammonia.  Dry  carbonic  acid  and  ammonia  also  unite  to 
form  a  volatile  white  powder,  as  already  mentioned. 

When  certain  salts,  especially  chlorides  in  an  anhydrous  state,  are 
exposed  to  ammoniacal  gas,  the  latter  is  absorbed  with  great  energy, 
and  the  combinations  formed  are  not  always  easily  decomposed  by  heat. 
The  chlorides  of  copper  and  silver  absorb,  in  this  manner,  large  quan- 
tities of  the  gas.  All  these  compounds  must  be  carefully  distin- 
guished from  the  true  ammoniacal  salts  containing  ammonium  or  its 
oxide. 


There  is  supposed  to  be  yet  another  compound  of  hydrogen  and 
nitrogen  to  which  the  term  amidogen  has  been  given.  When  potas- 
sium is  heated  in  the  vapour  of  water,  this  substance  is  decomjiosed, 
hydrogen  is  evolved,  and  the  metal  converted  into  oxide.  When  the 
same  experiment  is  made  with  dry  ammoniacal  gas,  hydrogen  is  also 
set  free,  and  an  olive-green  crystalline  compound  produced,  supposed 
to  contain  potassium  in  union  with  a  new  body,  NHg,  having  an 
equivalent  of  hydrogen  less  than  ammonia. 

When  ammonia  is  added  to  a  solution  of  corrosive  sublimate,  a 
white  precipitate  is  obtained,  which  has  been  long  Ijnown  in  phar- 
macy. Sir  E.  Kane  infers,  from  his  experiments,  that  this  subst;mce 
should  be  looked  upon  as  a  compound  of  chloride  of  mercury  with 
amide  of  mercury.  The  latter  salt  has  not  been  obtained  separately  ; 
still  less  has  amidogen  itself  been  isolated. 

It  has  been  thought  that  ammonia  may  be  considered  an  amide  of 
hydi'ogen,  analogous  to  water  or  oxide  of  hydrogen,  capable  of  enter- 
ing into  combination  with  salts,  and  other  substances,  in  a  similar 
maimer,  yielding  unstable  and  easily-decomposed  compounds,  which 
offer  a  great  contrast  to  those  of  the  energetic  giwsi-metal  ammonium  : 
the  views  of  chemists  upon  this  subject  are,  however,  still  divided. 


The  ammoniacal  salts  are  easily  recognised ;  they  are  all  decom- 
posed or  volatilized  by  a  high  temperature  ;  and  when  heated  with 
hydrate  of  lime,  or  solution  of  alkaline  carbonate,  evolve  ammonia. 
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which  may  be  known  by  its  odour  and  alkaline  reaction.  The  salts 
are  all  more  or  less  soluble,  the  acid  tarti-ate  of  aromonia  and  the 
double  chloride  of  ammonium  and  platinum  being  among  the  least  so  ; 
hence  the  salts  of  ammonia  cannot  be  distinguished  fi-om  those  of 
potassa  by  the  tests  of  tartaric  acid  and  platinum-solution. 


LITHIUM, 

A  connecting  link  between  this  class  of  metals  and  the  next  suc- 
ceeding. Lithium  is  obtained  by  electrolyzing,  in  contact  with  mer- 
cury, the  hydrate  of  lithia,  and  then  decomposing  the  amalgam  by 
distillation.  It  is  a  white  metal  like  sodium,  and  very  oxidable. 
The  equivalent  of  lithium  is  6'5,  and  its  symbol  L. 

The  oxide,  lithia,  LO,  is  found 'in  petalite,  spodumene,  lepidolite, 
triphylline,  and  a  few  other  minerals,  and  sometimes  occui-s  in  minute 
quantities  in  mineral  springs.  From  petalite  it  may  be  obtained,  on 
the  small  scale,  by  the  following  process: — The  mineral  is  reduced  to 
an  exceedingly  fine  powder,  mixed  with  five  or  six  times  its  weight  of 
pure  carbonate  of  lime,  and  the  mixture  heated  to  whiteness,  in  a 
platinum  cracible,  placed  within  a  well-covered  earthen  one,  for  twenty 
minutes  or  half  an  hour.  The  shrunken  coherent  mass  is  digested  in 
dilute  hydrochloric  acid,  the  whole  evaporated  to  diyness,  acidulated 
water  added,  and  the  silica  separated  by  a  filter.  The  solution  is  then 
mixed  with  carbonate  of  ammonia  in  excess,  boiled,  and  filtered;  the 
clear  liquid  is  evaporated  to  dryness,  and  gently  heated  in  a  platinum 
crucible,  to  expel  the  sal-ammoniac.  The  residue  is  then  wetted  with 
oil  of  vitriol,  gently  evaporated  once  more  to  da-yness,  and  ignited  ;  pure 
fused  sulphate  of  lithia  remains. 

This  process  will  serve  to  give  a  good  idea  of  the  general  nature  of 
the  operation  by  which  alkalis  are  extracted  in  mineral  analysis,  and 
their  quantities  deteinnined. 

The  hydrate  of  lithia  is  much  less  soluble  in  water  than  those  of 
potassa  and  soda ;  the  carbonate  and  phosphate  are  also  sparingly 
soluble  salts.  The  chloride  crystallizes  in  anhydrous  cubes  which  are 
deliquescent.  Sulphate  of  lithia  is  a  very  beautiful  salt ;  it  crystal- 
lizes in  lengthened  prisms  containing  one  equivalent  of  water.  It 
gives  no  double  salt  with  sulphate  of  alumina. 

The  salts  of  lithia  colour  the  outer  flame  of  the  blowpipe  carmine- 
red. 
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SECTION  II. 
METALS  OF  THE  ALKALINE  EARTHS. 


BARIUM. 

Barictm  was  obtained  by  Sir  H.  Davy  by  means  similar  to  those 
mentioued  in  the  case  of  lithium  :  it  is  procured  more  advantageously 
by  strongly  heatuig  baryta  in  an  iron  tube,  through  which  the  vapour 
of'  potassium  is  conveyed.  The  reduced  barium  is  extracted  by  quick- 
silver, and  the  amalgam  distilled  in  a  small  green  glass  retort. 

Barium  is  a  wliite  metal,  having  tlie  colour  and  lustre  of  silver;  it 
is  malleable,  melts  below  a  red  heat,  decomposes  water,  and  gradually 
oxidizes  in  the  air. 

The  equivalent  of  this  metal  has  been  fixed  at  68*5  ;  its  symbol  is 
Ba. 

Protoxide  of  baridm;  baryta,  BaO. — Baryta,*  or  barytas, 
occurs  in  nature  in  considerable  abundance  as  carbonate  and  sulphate, 
forming  the  veinstone  in  many  lead-mines ;  from  both  these  sources  it 
may  be  extracted  with  facility.  The  best  method  of  preparing  pure 
baryta  is  to  decompose  the  crystallized  nitrate  by  heat  in  a  capacious 
crucible  of  porcelain  until  red  vapours  are  no  longer  disengaged ;  the 
nitric  acid  is  resolved  into  nitrous  acid  and  oxygen,  and  the  baiyta 
remains  behind  in  the  form  of  a  greyish  spongy  mass,  fusible  at  a  high 
degree  of  heat.  When  moistened  with  water  it  combines  to  a  hydrate 
with  great  elevation  of  temperature. 

The  hydrate  is  a  white,  soft  powder,  having  a  great  attraction  for 
carbonic  acid,  and  soluble  in  20  parts  of  cold  and  2  of  boiling  water ; 
a  hot  saturated  solution  deposits  crystals  on  cooling,  which  contain 
BaO,  H0-I-9H0.  Solution  of  hydrate  of  baryta  is  a  valuable  re- 
agent ;  it  is  liighly  alkaline  to  test-paper,  and  instantly  rendered 
turbid  by  the  smallest  trace  of  carbonic  acid. 

BiNOXiDE  OF  BARI0M,  Ba02. — This  may  be  formed,  as  already 
mentioned,  by  exposing  baryta,  heated  to  full  redness  in  a  porcelain 
tube,  to  a  current  of  pure  oxygen  gas.  The  binoxide  is  grey,  and 
forms  a  white  hydrate  with  water,  which  is  not  decomposed  by  that 
liquid  in  the  cold,  but  dissolves  in  small  quantity.  The  binoxide 
may  also  be  made  by  heating  pure  baryta  to  redness  in  a  platinum 
crucible,  and  then  gradually  adding  an  equal  weight  of  chlorate  of 

*  From  heavy,  in  allusion  to  the  great  specific  gravity  of  the  native 

carbonate  and  sulphate. 
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potassa :  binoside  of  barium  and  chloride  of  potassium  are  produced. 
Tlie  latter  may  be  extracted  by  cold  water,  and  the  binoxide  left  in 
the  state  of  hydrate.  It  is  interesting  chiefly  in  its  relation  to  bin- 
oxide  of  hydrogen.  When  dissolved  in  dilate  acid,  it  is  decomposed 
by  bichromate  of  potassa,  oxide  of  silver,  chloride  of  silver,  sulphate 
and  carbonate  of  silver. 

Chloride  of  barium,  BaCl  +  2H0. — This  valuable  salt  is  pre- 
pai-ed  by  dissolving  the  native  carbonate  in  hydrochloric  acid,  filtering 
the  solution,  and  evaporating  until  a  pellicle  begins  to  form  at  the  sur- 
face ;  the  solution  on  cooling  deposits  crystals.  When  native  carbo- 
nate cannot  be  procured,  the  native  sulphate  may  be  employed  in  the 
following  manner : — The  sulphate  is  reduced  to  fine  powder,  and  in- 
timately mixed  with 'one-third  of  its  weight  of  powdered  coal;  the 
mixture  is  pressed  into  an  earthen  crucible  to  which  a  cover  is  fitted, 
and  exposed  for  an  hour  or  more  to  a  high  red-heat,  by  which  the  sul- 
phate is  converted  into  sulphide  at  the  expense  of  the  combustible 
matter  of  the  coal.  The  black  mass  obt.iined  is  powdered  and  boiled 
in  water,  by  which  the  sulphide  is  dissolved  ;  the  solution  is  filtered 
hot,  and  mixed  with  a  slight  excess  of  hydrochloric  acid ;  chloride  of 
barium  and  sulphuretted  hydrogen  are  produced ;  the  latter  escaping 
with  effervescence.  Lastly,  the  solution  is  filtered  to  separate  any 
little  insoluble  matter,  and  evaporated  to  the  ciystallizing  point. 

The  crystals  of  chloride  of  barium  are  flat,  four-sided  tables,  colour- 
less and  transparent.  They  contain  2  equivalents  of  water,  easily 
driven  off  by  heat;  100  parts  of  water  dissolve  43-5  parts  at  60" 
(15°-5C),  and  78  parts  at  223°  (lOi'-SC),  which  is  the  boiling-point 
of  the  saturated  solution. 

Nitrate  op  baryta,  BaO,N05. — The  nitrate  is  prepared  by 
methods  exactly  similar  to  the  above,  nitric  acid  being  substituted  for 
the  hydrochloric.  It  crystallizes  in  transparent  colourless  octahedrons, 
which  are  anhydrous.  They  require  for  solution  8  parts  of  cold,  and 
3  parts  of  boiling  water.  This  salt  is  much  less  soluble  in  dilute 
nitric  acid  than  in  pure  water;  eriors  sometimes  arise  from  such  a 
precipitate  of  crystalline  nitrate  of  baryta  being  mistaken  for  sulphate. 
It  disappears  on  heating,  or  by  large  affusion  of  water. 

Sulphate  of  baryta  ;  heavy-spar  ;  BaOjSOg.— Found  native, 
often  beautifully  crystallized.  This  compound  is  always  produced 
when  sulphm-ic  acid  or  a  soluble  sulphate  is  mixed  "with  a  solu- 
tion of  a  barytic  salt.  It  is  not  sensibly  soluble  in  water  or  in  any 
dilute  acid,  even  nitric;  hot  oil  of  vitriol  dissolves  a  little,  but  the 
greater  part  separates  again  on  cooling.  Sulphate  of  baryta  is  used 
as  a  pigment,  but  often  for  the  purpose  of  adulterating  white-lead ; 
the  native  salt  is  ground  to  fine  powder  and  washed  with  dilute  sul- 
phuric acid,  by  which  its  colour  is  improved,  and  a  little  oxide  of  iron 
probably  dissolved  out.  The  specific  gravity  of  the  natural  sulphate 
is  as  high  as  4*4  to  4*8. 

Sulphide  of  barium,  BaS,— The  protosulphide  of  barium  is 
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obtained  in  the  manner  already  described ;  the  higher  sulphides  may 
be  formed  by  boiling  tliis  compound  with  sulphur.  Protosulpliide  of 
barium  crystallizes  in  thin  and  nearly  colourless  plates  fi-om  a  hot 
solution,  which  contain  water,  and  are  not  very  soluble:  they  are 
rapidly  altei'cd  by  the  air.  A  strong  solution  of  sulphide  may  be 
employed  in  the  preparation  of  hydrate  of  baryta,  by  boiling  it  witli 
small  successive  portions  of  black  oxide  of  copper,  until  a  drop  of  the 
liquid  ceases  to  precipitate  a  salt  of  lead  black;  the  liquid  being 
filtered,  yields  on  cooling  crystals  of  hydrate.  In  this  reaction,  be- 
sides hydrate  of  baryta,  hyposulphite  of  that  base,  and  sulphide  of 
copper  are  produced ;  the  latter  is  insoluble,  and  is  removed  by  the 
filter,  while  most  of  the  hyposulphite  remains  in  the  mother-liquor. 

Carbonate  of  baryta,  BaO,C02. — The  natural  cai-bonate  is 
called  witherite  ;  the  artificial  is  formed  by  precipitating  the  chloride 
or  nitrate  with  an  alkaline  carbonate,  or  carbonate  of  ammonia.  It 
is  a  heavy,  white  powder,  very  sparingly  soluble  in  water,  and 
chiefly  useful  in  the  preparation  of  the  rarer  baryta-salts. 


Solutions  of  hydrate  and  nitrate  of  baryta  and  of  chloride  of  barium 
are  constantly  kept  in  tlie  laboratory  as  chemical  tests,  the  first  being 
employed  to  effect  the  separation  of  carbonic  acid  from  certain  gaseous 
mixtures,  and  the  two  latter  to  precipitate  sulphuric  acid  from  solu- 
tion. 

The  soluble  salts  of  baryta  are  poisonous,  which  is  not  the  case  with 
those  of  the  base  next  to  be  described. 


STRONTIUM. 

The  metal  strontium  may  be  obtained  from  its  oxide  by  means 
similar  to  those  described  in  the  case  of  barium :  it  is  a  white  metal , 
heavy,  oxidizable  in  the  air,  and  capable  of  decomposing  water  at 
common  temperatures. 

The  equivalent  of  strontium  is  43-8,  and  its  symbol  is  Sr. 

Protoxide  of  strontium  ;  strontia  ;  SrO. — This  compound  is 
best  prepared  by  decomposing  the  nitrate  by  the  aid  of  heat ;  it  re- 
sembles in  almost  every  particular  the  earth  baryta,  forming,  hke 
that  substance,  a  white  hydrate,  soluble  in  water.  A  hot  saturated 
solution  deposits  crystals  on  cooling,  which  contain  10  equivalents  of 
water.    The  hydrate  has  a  gi-eat  attraction  for  carbonic  acid. 

BiNOXiDE  OF  strontium,  Sr02. — The  binoxide  is  prepared  in  the 
same  manner  as  binoxide  of  barium ;  it  may  be  substituted  for  the 
latter  in  maldng  binoxide  of  hydrogen. 

The  native  carbonate  and  sulphate  of  strontia,  met  with  in  lead- 
mines  and  other  localities,  serve  for  the  pi-eparation  of  tlie  various 
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salts  by  means  exactly  similar  to  those  already  described  m  the  case 
of  baryta ;  they  have  a  very  feeble  degree  of  solubility  in  water. 

Chloride  op  strontidm,  SrCl— The  chloride  crystallizes  in 
colourless  needles  or  prisms,  which  are  slightly  deliquescent,  and 
soluble  in  2  parts  of  cold  and  still  less  of  boiling  water ;  they  are  also 
soluble  in  alcohol,  and  the  solution,  when  kindled,  burns  with  a  crim- 
son flame.  The  crystals  contain  6  equivalents  of  water,  which  they 
lose  by  heat ;  at  a  higher  temperature  the  chloride  fuses. 

Nitrate  of  strontia,  SrOjNO^. — This  salt  crystallizes  in 
anhydi-ous  octahedrons,  which  require  for  solution  5  parts  of  cold,  and 
about  half  their  weight  of  boiling  water.  It  is  principally  of  value  to 
the  pyrotechnist,  who  employs  it  in  the  composition  of  the  well-known 
"red-fire."* 
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This  is  a  silver-white  and  extremely  oxidable  metal,  obtained  with 
great  difficulty  by  means  analogous  to  those  by  which  barium  and 
strontium  are  procured. 

The  equivalent  of  calcium  is  20  ;  its  symbol  is  Ca. 

Protoxide  of  calcium  ;  lime  ;  CaO. — This  extremely  import- 
ant compound  may  be  obtained  in  a  state  of  considerable  purity  by 
heating  to  full  redness  for  some  time  fragments  of  the  black  bituminous 
marble  of  Derbyshire  or  Kilkenny.  If  required  absolutely  pure,  it 
must  be  made  by  igniting  to  whiteness,  in  a  platinum  crucible,  an  arti- 
ficial carbonate  of  lime,  procured  by  precipitating  the  nitrate  by  car- 
bonate of  ammonia.  Lime  in  an  impure  state  is  prepared  for  building 
and  agricultural  purposes  by  calcining,  in  a  kiln  of  suitable  construc- 
tion, the  ordinary  limestones  which  abound  in  many  districts ;  a  red 
heat,  continued  for  some  hours,  is  sufficient  to  disengage  the  whole  of 
the  carbonic  acid.  In  the  bestrcontrived  limekilns  the  process  is  carried 
on  continuously,  broken  limestone  and  fuel  being  constantly  thrown 
in  at  the  top,  and  the  burned  lime  raked  out  at  intervals  fi-om  beneath. 
Sometimes,  when  the  limestones  contain  silica,  and  the  heat  has  been 
very  high,  the  lime  refuses  to  slake,  and  is  said  to  be  over-burned ;  in 
this  case  a  portion  of  silicate  has  been  formed. 

Pure  lime  is  white,  and  often  of  considerable  hardness ;  it  is  quite 
infusible  and  phosphoresces,  or  emits  a  pale  light  at  a  high  temperature. 


*  PiED-FiRE  ; —  Gms. 

Dry  nitrate  of  strontia  .  800 

Sulphur      .      .      .  225 

CLlorate  of  potassa  .  200 

Lampblack      .      .  50 


Green-Fire  ; —  Gms. 

Diy  nitrate  of  baryta  .  .  450 
Sulphur    ....  150 

Chlorate  of  potassa  .  .  100 
Lampblack      ...  25 


The  strontia  or  baryta-salt,  the  sulphur,  and  the  lampblack,  must  be  finely 
powdered  and  intimately  mixed,  after  which  the  chlorate  of  potassa  should  be 
added  in  rather  coarse  powder,  and  mixed  without  much  rubbing  with  the  other 
ingredients.   The  re<l-tire  composition  has  been  known  to  ignite  spontaneously 
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When  moistened  with  water,  it  slakes  witli  great  violence,  evolving 
heat,  and  crumbling  to  a  soft,  white,  bulky  powder,  which  is  a  hydrate 
containing  a  single  equivalent  of  water  ;  the  latter  can  be  again  expelled 
by  a  red-heat.  This  hydi-ate  is  soluble  in  watei-,  but  far  less  so  than 
either  the  hydrate  of  baryta  or  of  strontia,  and  what  is  very  remark- 
able, tlie  colder  the  water,  the  larger  the  quantity  of  the  compound 
which  is  taken  up.  A  pint  of  water  at  60°  (15°-5C)  dissolves  about 
11  grains,  while  at  212°  (100°C)  only  7  grains  are  retained  in 
solution.  The  hydrate  has  been  obtained  in  thin  delicate  crystals  by 
slow  evaporation  under  the  air-pump.  Lime-water  is  always  prepared 
for  chemical  and  pharmaceutical  purposes  by  agitating  cold  water  with 
excess  of  hydrate  of  lime  in  a  closely-stopped  vessel,  and  then,  after 
subsidence,  pouring  off  the  clear  liquid,  and  adding  a  fresh  quantity  of 
water,  for  another  occasion  ;  there  is  not  the  least  occasion  for  filter- 
ing the  solution.  Lime-water  has  a  strong  alkaline  reaction,  a  nau- 
seous taste,  and  when  exposed  to  the  air  becomes  almost  instantly 
covered  with  a  pellicle  of  carbonate,  by  absorption  of  carbonic  acid 
from  the  atmosphere.  It  is  used,  like  baryta-water,  as  a  test  for  that 
substance,  and  also  in  medicine.  Lime-water  prepared  from  some 
varieties  of  limestone  may  (contain  potassa. 

The  hardening  of  mortars  and  cements  is  in  a  great  measure  due  to 
the  gradual  absorption  of  carbonic  acid  ;  but  even  after  a  very  great 
length  of  time,  this  conversion  into  carbonate  is  not  complete. 
Mortar  is  known,  under  favourable  circumstances,  to  acquire  extreme 
hardness  with  age.  Lime-cements  which  resist  the  action  of  water 
contain  the  oxides  of  irou,  silica,  and  alumina ;  they  require  to  be 
carefully  prepared,  and  the  stone  not  over-heated.  When  ground  to 
powder  and  mixed  with  water,  solidification  speedily  ensues,  from 
causes  not  yet  thoroughly  understood,  and  the  cement,  once  in  this  con- 
dition, is  unaftected  by  wet.  Parker's  or  Roman  cement  is  made  in 
this  manner  from  the  nodular  masses  of  calcareo-argillaceous  iron- 
stone found  in  the  London  clay.  Lime  is  of  -  great  importance  in 
agriculture ;  it  is  found  more  or  less  in  every  fertile  soil,  and  is  often 
very  advantageously  added  by  the  cultivator.  The  decay  of  vege- 
table fibre  in  the  soil  is  promoted,  and  other  important  objects,  as  the 
destruction  of  certain  hurtful  compounds  of  iron  in  marsh  and  peat- 
land,  is  often  attained.  The  addition  of  lime  probably  serves  likewise 
to  liberate  potassa  from  the  insoluble  silicate  of  that  base  contained  in 
the  soil. 

BmoxiDE  OF  CALcrcTM,  CaOj. — This  is  stated  to  resemble  bin- 
oxide  of  bai-ium,  and  to  be  obtainable  by  a  similar  process. 

Chloride  of  calcium,  CaCl. — Usually  prepared  by  dissolving 
mai'ble  iu  hydrochloric  acid ;  also  a  by-product  in  several  chemical 
manufactures.  The  salt  separates  from  a  strong  solution  in  colourless, 
prismatic,  and  exceedingly  deliquescent  crystals,  which  contain  6  equi- 
valents of  water.  By  heat  this  water  is  expelled,  and  by  a  tempera- 
ture of  strong  ignition  the  salt  is  fused.    The  crystals  reduced  to 
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powder  are  employed  in  the  production  of  artificial  cold  by  being 
mixed  with  snow  or  powdered  ice  ;  and  the  chloride,  strongly  dried  or 
in  a  fused  condition,  is  of  great  practical  use  in  desiccating  gases,  for 
which  purpose  the  latter  are  slowly  transmitted  through  tubes  filled 
with  fragments  of  the  salt.  Chloride  of  calcium  is  also  freely  soluble 
in  alcohol,  which,  when  anhydrous,  forms  with  it  a  definite  crystallizable 
compound. 

Sulphide  of  calcium. — The  simple  sulphide  is  obtained  by  re- 
ducing sulphate  of  lime  at  a  high  temperature  by  charcoal  or  hydrogen ; 
it  is  nearly  colourless,  and  but  little  soluble  in  water.  By  boiling 
together  hydrate  of  lime,  water,  and  flowers  of  sulphur,  a  red  solution 
is  obtained,  which,  on  cooling,  deposits  crystals  of  bisulphide,  which 
contain  water.  When  the  sulphur  is  in  excess,  and  the  boiling  long 
continued,  a  pentasulphide  is  generated ;  hyposulphurous  acid  is,  as 
usual,  formed  in  these  reactions. 

Phosphide  of  calcium. — When  the  vapour  of  phosphorus  is 
passed  over  fragments  of  lime  heated  to  redness  in  a  porcelain  tube,  a 
chocolate-brown  compound,  the  so-called  phosphide  of  lime,  is  produced. 
This  substance  is  probably  a  mechanical  mixture  of  phosphide  of 
calcium,  and  phosphate  of  lime.  It  yields  spontaneously  inflammable 
phosphoretted  hydrogen  when  put  into  water.* 

Sulphate  of  lime  ;  gypsum  ;  selejtite  ;  CaO,S03. — Native  sul- 
phate of  lime  in  a  crystalline  condition,  containing  2  equivalents  of 
water,  is  found  in  considerable  abundance  in  some  localities  ;  it  is 
often  associated  with  rock-salt.  When  regularly  crystallized,  it  is 
termed  selenite.  Anhydrous  sulphate  of  lime  is  also  occasionally  met 
with.  The  salt  is  foiTned  by  precipitation  when  a  moderately-con- 
centrated solution  of  chloride  of  calcium  is  mixed  with  sulphuric  acid. 
Sulphate  of  lime  is  soluble  in  about  500  parts  of  cold  water,  and  its 
solubility  is  a  little  increased  by  heat.  It  is  more  soluble  in  water 
containing  chloride  of  ammonium  or  nitrate  of  potassa.  The  solution 
is  precipitated  by  alcohol.  Gypsum,  or  native  hydrated  suljihate,  is 
largely  employed  for  the  purpose  of  making  casts  of  statues  and 
medals,  and  also  for  moulds  in  the  porcelain  and  earthenware  manu- 
factm-es,  and  for  other  applications.  It  is  exposed  to  heat  in  an 
oven  where  the  temperature  does  not  exceed  260°  (126°"6C),  by 
which  the  water  of  crystallization  is  expelled,  and  afterwards  reduced 
to  fine  powder.  When  mixed  with  water,  it  solidifies  after  a  short 
time  fi-om  the  re-formation  of  the  same  hydrate  ;  but  this  effect  does 
not  happen  if  the  gyjisum  has  been  over-heated.  It  is  often  called 
plaster  of  Paris.    Artificial  coloured  marbles,  or  scagliola,  are  fre- 

*  According  to  M.  Paul  Thenard,  the  phosphide  of  calcium  existing  in 
this  mixture,  btxs  the  composition  PCa2.  By  coming  in  contact  with  water 
it  yields  liquid  phosphoretted  hydrogen,  PCa2+2HO=2CaO-(-PH2.— (Page 

The  greater  portion  of  the  liquid  phosphide  is  immediately  decomposed 
into  solid  and  gaseous  phosphoretted  hydrogen.— 5PH2  =  3PH3  +  P2H. 
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quently  prepared  by  inserting  pieces  of  natural  stone  in  a  soft  stucco 
containing  tliis  substance,  and  polishing  the  surface  when  the  cement 
has  become  hard.  Sulphate  of  lime  is  one  of  the  most  common 
impurities  of  spring  water. 

The  peculiar  property  water  acquires  by  the  presence  in  it  of  lime 
IS  termed  hardness.  It  manifests  itself  by  the  eflect  such  waters 
have  upon  tlie  palate,  and  particularly  by  its  peculiar  behaviour  with 
soap.  Hard  waters  yield  a  lather  with  soap  only  after  the  whole  of 
the  lime-salts  have  been  tlu-own  down  from  the  water  in  tlie  form  of 
an  insoluble  lime- soap.  Upon  this  principle  Prof.  Clark's  soap-test 
for  the  hardness  of  waters  is  based.*  The  hardness  produced  by 
sulphate  of  lime  is  called  permanent  hardness,  since  it  cannot  be 
remedied. 

Carbonate  of  lime  ;  chalk  ;  limestone  ;  marble  ;  CaO,CO,. 
—Carbonate  of  lime,  often  more  or  less  contaminated  by  protoxide  of 
iron,  clay,  and  organic  matter,  forms  rocky  beds,  of  immense  extent 
and  thickness,  in  almost  every  part  of  the  world.  These  present  the 
greatest  diversities  of  texture  and  appearance,  arising,  in  a  great  mea- 
sure, from  changes  to  which  they  have  been  subjected  since  their 
deposition.  The-  most  ancient  and  highly-crystalline  limestones  are 
destitute  of  visible  organic  remains,  while  those  of  more  recent  origin 
are  often  entirely  made  up  of  the  shelly  exuviae  of  once-living  beings. 
Sometimes  these  latter  are  of  such  a  nature  as  to  show  that  the  ani- 
mals inhabited  fresh  water ;  marine  species  and  corals  are,  however, 
most  abundant.  Cavities  in  limestone  and  other  rocks  are  very  often 
lined  with  magnificent  ciystals  of  carbonate  of  lime  or  calcareous  spar, 
which  have  evidently  been  slowly  deposited  from  a  watery  solution. 
Carbonate  of  lime  is  always  precipitated  when  an  alkaline  carbonate 
is  mixed  with  a  solution  of  that  base. 

Although  this  substance  is  not  sensibly  soluble  in  pure  water,  it  is 
freely  taken  up  when  carbonic  acid  happens  at  the  same  time  to  be 
present.  If  a  little  lime-water  be  poured  into  a  vessel  of  that  gas, 
the  turbidity  first  produced  disappeai's  on  agitation,  and  a  transparent 
solution  of  carbonate  of  lime  in  excess  of  carbonic  acid  is  obtained. 
This  solution  is  decomposed  completely  by  boiling,  the  carbonic  acid 
being  expelled,  and  the  carbonate  precipitated.  Since  all  natural 
waters  contain  dissolved  carbonic  acid,  it  is  to  be  expected  that  lime 
in  this  condition  should  be  of  very  common  occurrence ;  and  such  is 
really  found  to  be  the  fact ;  river,  and  more  especially  spring  water, 
almost  invariably  containing  carbonate  of  lime  thus  dissolved.  In 
limestone  districts,  this  is  often  the  case  to  a  great  extent.  The 
hardness  of  water,  which  is  owing  to  the  presence  of  carbonate  of 
lime,  is  called  temporary,  since  it  is  diminished  to  a  very  consider- 
able extent  by  boiling,  and  may  be  nearly  removed  by  mixing  the 
hard  water  with  lime-water,  when  both  the  dissolved  carbonate  and 
the  dissolved  lime,  which  becomes  thus  carbonated,  are  precipitated. 
*  Journal  of  the  Phannaceutical  Society,  voL  vi.  p.  526. 
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Upon  this  principle  Prof.  Clark's  process  of  softening  water  is  based. 
This  process  is  of  considerable  importance,  since  a  supply  of  hard 
water  to  towns  is  in  many  respects  a  source  of  great  inconvenience. 
As  has  been  already  mentioned,  the  use  of  such  water,  for  the  pur- 
poses of  washing,  is  attended  with  a  great  loss  of  soap.  Boilers,  in 
which  such  water  is  heated,  speedily  become  lined  with  a  thick 
stony  incrustation.*  The  beautiful  stalactitic  incrustations  of  lime- 
stone caverns,  and  the  deposits  of  calc-sinter  or  travertin  upon  various 
objects,  and  upon  the  ground  in  many  places,  are  thus  explained  by 
the  solubility  of  carbonate  of  lime  in  water  containing  carbonic  acid. 

Crystallized  carbonate  of  lime  exhibits  the  curious  property  of  di- 
morphism ;  calcai-eous  spar  and  arragonite,  although  possessing  the 
same  chemical  composition,  both  containing  single  equivalents  of  lime 
and  carbonic  acid,  and  nothing  besides,  have  different  crystalline 
forms,  different  densities,  and  different  optical  properties. 

The  former  occurs  very  abundantly  in  crystals  derived  from  an 
obtuse  rhomboid,  whose  angles  measure  105°  5'  and  74°  55' :  its  den- 
sity varies  from  2*5  to  2'8.  The  rarer  variety,  or  arragonite,  is  found 
in  ci-ystals  whose  primary  form  is  a  right  rhombic  prism  ;  a  figure 
having  no  geometrical  relation  to  the  preceding ;  it  is(  besides,  heavier 
and  harder. 

Phosphates  of  lime. — A  number  of  distinct  compounds  of  lime 
and  phosphoric  acid  probably  exist.  Two  tribasic  phosphates,  2Ca.O, 
H0,P05  uCaOjPOj,  are   produced  when   the  corresponding 

soda-salts  are  added  in  solution  to  chloride  of  calcium ;  the  first  is 
slightly  crystalline,  and  the  second  gelatinous.  When  the  first  phos- 
phate is  digested  with  ammonia,  or  dissolved  in  acid  and  re-precipi- 
tated by  that  alkali,  it  is  converted  into  the  second.  The  earth  of 
bones  consists  principally  of  what  appears  to  be  a  combination  of  these 
two  salts.  Another  phosphate,  containing  2  equivalents  of  basic 
water,  has  been  described,  which  completes  the  series  :  it  is  formed 
by  dissolving  either  of  tlie  preceding  in  phosphoric,  hydrochloric,  or 
nitric  acid,  and  evaporating  until  the  salt  separates  on  cooling  in 
small  platy  crystals.  It  is  the  substance  which  yields  phosphorus, 
when  heated  with  charcoal,  in  the  ordinary  process  of  manufacture, 
before  described.  Bibasic  and  monobasic  phosphates  of  lime  also  exist. 
These  phosphates,  although  insoluble  in  water,  dissolve  readily  in 
dilute  acids,  even  acetic  acid. 

Fluoride  of  calcium;  fluor-spab;  CaF.— This  substance  is 
important  as  the  most  abundant  natural  source  of  hydrofluoric  acid 
and  the  other  fluorides.    It  occurs  beautifully  crystallized,  of  various 

*  Many  proposals  have  been  made  to  prevent  the  formation  of  boiler- 
deposits.  Tlae  most  efficient  appears  to  be  tlie  method  of  Dr.  Ritterband, 
wliich  consists  in  throwing  into  the  boiler  a  small  quantity  of  sal-ammoniac,' 
when  carbonate  of  ammonia  is  formed,  which  is  volatilized  with  the  steam 
chloride  of  calcium  remaining  in  solution.  It  need  scarcely  be  mentioned 
that  this  plan  is  inapplicable  in  the  case  of  permanently-hard  waters. 
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colours,  in  lead-veins,  the  ciystals  having  commonly  the  cubic,  but 
sometimes  the  octahedral  form,  parallel  to  the  faces  of  which  latter 
figure  they  always  cleave.  Some  varieties,  when  heated,  emit  a  green- 
ish phosphorescent  light.  The  fluoride  is  quite  insoluble  in  water, 
and  is  decomposed  by  oil  of  vitriol  in  the  manner  already  mentioned, 
vide  p.  158. 

Chloride  op  lime;  bleaching-powder. — When  hydrate  of 
lime,  very  slightly  moist,  is  exposed  to  chlorine  gas,  the  latter  is 
eagei'ly  absorbed,  and  a  compound  produced  which  has  attracted  a 
great  deal  of  attention ;  this  is  the  bleaching-powder  of  commerce, 
now  manufactured  on  an  immense  scale,  for  bleaching  linen  and  cot- 
ton goods.  It  is  requisite,  in  preparing  this  substance,  to  avoid  with 
the  greatest  care  all  elevation  of  temperature,  which  may  be  easily 
done  by  slowly  supplying  the  chlorine  in  the  first  instance.  The  pro- 
duct, when  freshly  and  well  prepared,  is  a  soft,  white  powder,  which 
atti'acts  moisture  from  the  air,  and  exhales  an  odour  sensibly  different 
from  that  of  chlorine.  It  is  soluble  in  about  10  parts  of  water, 
the  unaltered  hydrate  being  left  behind  ;  the  solution  is  highly  alka- 
line, and  bleaches  feebly.  When  hydrate  of  lime  is  suspended  in 
cold  water,  and  'chlorine  gas  transmitted  through  the  mixture,  the 
lime  is  gradually  dissolved,  and  the  same  peculiar  bleaching  com- 
pound produced  ;  the  alkalis  also,  either  caustic  or  carbonated,  may 
by  similar  means  be  made  to  absorb  a  large  quantity  of  chlorine,  and 
give  rise  to  corresponding  compounds  ;  such  are  the  "  disinfecting 
solutions  "  of  M.  Labarraque. 

The  most  consistent  view  of  the  constitution  of  these  curious  com- 
pounds is  that  which  supposes  them  to  contain  salts  of  hypochlorous 
acid,  a  substance  as  remarkable  for  bleaching  powers  as  chlorine  it- 
self ;  and  this  opinion  seems  borne  out  by  a  careful  comparison  of 
the  properties  of  the  bleaching  salts  with  those  of  the  true  hypo- 
chlorites. Hypochlorous  acid  can  be  actually  obtained  from  good 
bleaching-powder,  by  distilling  it  with  dilute  sulphuric  or  nitric 
acid,  in  quantity  insufficient  to  decompose  the  whole  :  when  the  acid 
is  used  in  excess,  chlorine  is  disengaged.* 

If  this  view  be  correct,  chloride  of  calcium  must  be  formed  simul- 
taneously with  the  hypochlorite,  as  in  the  following  diagram : 

Chlorine  ^  Chloride  of  calcium. 

Lime  (  O'Y?'^'^ 
(  Calcium 

2CaO  -f-  2C1  =  CaCl  -I-  CaO,C10. 

;ure  of  the  hydrate  of  lime  ha; 
chlorine,  or  when  the  compoun 

*  M.  Gay-Lussac,  Ann.  Claim,  et  Phys.  3rd  series,  v.  296. 


Chlorine-  

Lime   TTyp^pMnrifp  of  lime. 


When  the  temperature  of  the  hydrate  of  lime  has  risen  during  the 
absoi-ption  of  the  chlorine,  or  when  the  compound  has  been  subse- 
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quently  exposed  to  heat,  its  bleaching  properties  are  impaired  or  alto- 
gether destroyed  ;  it  then  contains  chlorate  of  lime  and  chloride  of 
calcium ;  oxygen,  in  variable  quantity,  is  usually  set  free.  The 
same  change  soems  to  ensue  by  long  keeping,  even  at  the  common 
temperature  of  the  air.  In  an  open  vessel  it  is  speedily  destroyed  by 
the  carbonic  acid  of  the  atmosphere.  Commercial  bleaching-powder 
tJius  constantly  varies  in  value  with  its  age,  and  with  the  care  ori- 
ginally bestowed  upon  its  preparation  :  the  best  may  contain  about 
30  per  cent,  of  available  chlorine,  easily  liberated  by  an  acid,  which 
is,  however,  far  short  of  the  theoretical  quantity. 

The  general  method  in  which  this  substance  is  employed  for  bleach- 
ing is  the  following  : — the  goods  are  first  immersed  in  a  dilute  solution 
of  chloride  of  lime  and  then  transferred  to  a  vat  containing  dilute  sul- 
phuric acid.  Decomposition  ensues ;  both  the  lime  of  the  hypo- 
chlorite and  the  calcium  of  the  chloride  are  converted  into  sulphate 
of  lime,  while  the  free  hypochlorous  and  hydrocliloric  acids  yield 
water  and  free  chlorine. 

The  chlorine  thus  disengaged  in  contact  Avith  the  cloth  causes 
the  destruction  of  the  colouring  matter.  This  process  is  often  re- 
peated, it  being  unsafe  to  use  strong  solutions.  White  patterns  are 
on  this  principle  imprinted  upon  coloured  cloth,  the  figures  being 
stamped  with  tartaric  acid  thickened  with  gum-water,  and  then  the 
stuff  immersed  in  the  chloride  bath,  when  the  pai-ts  to  which  no  acid 
has  been  applied  remain  unaltered,  while  the  printed  portions  are 
bleached. 

For  purifying  an  offensive  or  infectious  atmosphere,  as  an  aid  to 
proper  ventilation,  the  bleaching-powder  is  very  convenient.  The 
solution  is  exposed  in  shallow  vessels,  or  cloths  steeped  in  it  are  sus- 
pended in  the  apartment,  when  the  carbonic  acid  of  the  air  slowly 
decomposes  it  in  the  manner  above  described.  An  addition  of  a  strong 
acid  causes  rapid  disengagement  of  chlorine. 

The  value  of  any  sample  of  bleaching-powder  may  be  easily  deter- 
mined by  the  following  method,  in  which  the  feebly-combined  chlo- 
rine is  estimated  by  its  effect  in  peroxidizing  a  protosalt  of  iron,  of 
which  two  equivalents  require  one  of  chlorine  ;  the  latter  acts  by  de- 
composing water  and  liberating  a  corresponding  quantity  of  oxygen — 
78  (more  correctly  78-16)  grains  of  green  sulphate  of  iron  are  dis- 
solved in  about  two  ounces  of  water,  and  acidulated  by  a  few  drops  of 
sulphuric  or  hydrochloric  acid  ;  this  quantity  will  require  for  per- 
o.xidation  10  grains  of  chlorine.  Fifty  grains  of  the  chloride  of  lime 
to  be  examined  are  next  rubbed  up  with  a  little  tepid  water,  and  the 
whole  transferred  to  the  alkalimeter*  before  described,  which  is  then 
filled  up  to  0  with  water,  after  whicli  the  contents  are  well  mixed  by 
agitation.  The  liquid  is  next  gradually  poured  into  the  solution  of 
iron,  with  constant  stirring  until  the  latter  has  become  peroxidized, 
which  may  be  known  by  a  drop  ceasing  to  give  a  deep  blue  precipitate 

*  Vide  p.  262. 
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with  ferricyanide  of  potassium.  The  number  of  gi-aiu-measui-es  of 
the  chloride  solution  employed  may  then  be  read  off :  since  these 
must  contain  10  grains  of  serviceable  chlorine,  the  quantity  of  the 
latter  in  the  50  grains  may  be  easily  reckoned.  Thus,  suppose  72 
such  measures  have  beau  taken,  then 

Measures.  Grs.  chlorine.  Measures.      Grs.  chlorine. 

72  :  10        =        100       :  13-89 

The  bleaching-powder  contains,  therefore,  27'78  per  cent.* 


Baryta,  strontia,  and  lime  are  thus  distinguished  from  all  other 
substances,  and  fi'om  each  other. 

Caustic  potassa,  when  free  from  carbonate,  and  caustic  ammonia, 
occasion  no  precipitates  in  dilute  solutions  of  the  earths,  especially  of 
the  first  two,  the  hydrates  being  soluble  in  water. 

Alkaline  carbonates,  and  carbonate  of  ammonia,  give  white  precipi- 
tates, insoluble  in  excess  of  the  precipitant,  with  all  three. 

Sulphuric  acid,  or  a  sulphate,  added  to  very  dilute  solutions  of  the 
earths  in  question,  gives  an  immediate  white  precipitate  with  baryta, 
a  similar  precipitate  after  a  short  interval  with  strontia,  and  occasions 
no  change  with  the  lime-salt.  The  precipitates  with  baryta  and 
strontia  are  quite  insoluble  in  nitric  acid. 

Solution  of  sulphate  of  lime  gives  an  instantaneous  cloud  with 
baryta,  and  one  with  strontia  after  a  little  time.  Sulphate  of  strontia 
Ls  itself  sufficiently  soluble  to  occasion  turbidity  when  mixed  with 
chloride  of  barium. 

Lastly,  the  soluble  oxalates  give  a  white  precipitate  in  the  most 
dilute  solutions  of  lime,  which  is  not  dissolved  by  a  drop  or  two  of 
hydrochloric  or  by  an  excess  of  acetic  acid.  This  is  an  exceedingly 
characteristic  test. 

The  chlorides  of  strontium  and  calcium  dissolved  in  alcohol  colour 
the  flame  of  the  latter  red  or  purple;  salts  of  baryta  communicate  to 
the  flame  a  pale  green  tint. 

MAGNESIUM. 

A  few  pellets  of  sodium  are  placed  at  the  botton  of  a  test-tube  of 
hard  German  glass,  and  covered  with  fragments  of  fused  chloride  of 
magnesium.  The  heat  of  a  spirit-lamp  is  then  applied  until  reaction 
has  been  induced  :  this  takes  place  with  great  violence  and  elevation 
of  temperature,  chloride  of  sodium  being  foraed,  and  metallic  magne- 
sium set  free.  AVhen  the  tube  and  its  contents  are  completely  cold, 
it  is  broken  up,  and  the  fragments  put  into  cold  water,  by  which  the 
metal  is  separated  from  the  salt. 

Bunsen  has  lately  succeeded  in  reducing  the  magnesium  by  the 
decomposition  of  fused  chloride  of  magnesium,  by  means  of  the  electric 
battery. 

*  Graham's  Elements,  vol.  i.  p.  593. 
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Magnesium  is  a  white,  malleable  metal,  fusible  at  a  red-heat,  and 
not  sensibly  acted  upon  by  cold  water ;  it  is  oxidized  by  hot  water. 
Heated  in  the  air,  it  burns  and  produces  magnesia,  which  is  the  only 
oxide.  Sulphuric  and  hydrochloric  acids  dissolve  it  readily,  evolving 
hydrogen. 

The  equivalent  of  this  metal  is  12,  and  its  symbol  Mg. 

Magnesia  ;  calcined  magnesia  ;  MgO. — This  is  prepared  with 
great  ease  by  exposing  the  magnesia  alba  of  pharmacy  to  a  full  red- 
heat  in  an  earthen  or  platinum  crucible.  It  forms  a  soft,  white 
powder,  which  slowly  attracts  moistui'e  and  carbonic  acid  from  the 
air,  and  unites  quietly  with  water  to  a  hydrate  which  possesses  a 
feeble  degree  of  solubility,  requiring  about  5,000  parts  of  water  at 
60°  (15°-5C)  and  36,000  parts  at  212°  (100°C).  The  alkalinity  of 
magnesia  can  only  be  observed  by  placing  a  small  portion  in  a  moist- 
ened state  upon  test-paper ;  it  neutralizes  acids,  however,  in  the 
most  complete  maimer.    It  is  infusible. 

Chloride  of  magnesium,  MgCl. — When  magnesia,  or  its  car- 
bonate, is  dissolved  in  hydrochloric  acid,  there  can  be  no  doubt  re- 
specting the  simultaneous  production  of  chloride  of  magnesium  and 
water ;  but  when  this  solution  comes  to  be  evaporated  to  dryness,  the 
last  portions  of  water  are  retained  with  such  obstinacy,  that  decompo- 
sition of  the  water  is  brought  about  by  the  concurring  attractions  of 
magnesium  for  oxygen,  and  of  chlorine  for  hydrogen ;  hydrochloric 
acid  is  expelled,  and  magnesia  remains.  If,  however,  sal-ammoniac 
or  chloride  of  potassium  happen  to  be  present,  a  double  salt  is  pro- 
duced, which  is  easily  rendered  anhydrous.  The  best  mode  of  pre- 
paring the  chloride  is  to  divide  a  quantity  of  hydrochloric  acid  into 
two  equal  portions,  to  neutralize  one  with  magnesia,  and  the  other 
with  ammonia,  or  carbonate  of  ammonia  ;  to  mix  these  solutions, 
evaporate  them  to  diyness,  and  then  expose  the  salt  to  a  red-heat  in 
a  loosely-covered  porcelain  crucible.  Sal-ammoniac  sublimes,  and 
chloride  of  magnesium  in  a  fused  state  remains ;  the  latter  is  poured 
out  upon  a  clean  stone,  and  when  cold,  transferred  to  a  well-stopped 
bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  It  is  very  deli- 
quescent and  highly  soluble  in  water,  from  which  it  cannot  again  be 
recovered  by  evaporation,  for  the  reasons  just  mentioned.  When  long 
exposed  to  the  air  in  a  melted  state,  it  is  converted  into  magnesia.  It 
is  soluble  in  alcohol. 

Sulphate  of  magnesia  ;  Epsom  salt;  MgO,SOa -)- 7H0.  

This^  salt  occurs  in  sea-water,  and  in  that  of  many  mineral  springs, 
and  is  now  manufactured  in  large  quantities  by  acting  on  magnesian 
limestone  by  diluted  sulphm-ic  acid,  and  separating  the  sulphate  of 
magnesia  from  the  greater  part  of  the  slightly-soluble  sulphate  of  lime 
by  the  filter.  The  crystals  are  derived  from  a  right  rhombic  prism  • 
they  are  soluble  in  an  equal  weight  of  water  at  60°  (15°-5C),  and  in 
a  still  smaller  quantity  at  212°  (100°C).    The  salt  has  a  nauseous 
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bitter  taste,  and  like  many  other  neutral  salts,  purgative  properties. 
When  exposed  to  heat,  6  equivalents  of  water  readily  pass  off,  the 
seventh  being  energetically  retained.  Sulphate  of  magnesia  foi-ms 
beautiful  double  salts  with  the  sulphates  of  potassa  and  ammonia, 
which  contains  6  equivalents  of  water  of  crystallization. 

Carbonate  of  magnesia.— The  neutral  carbonate,  MgO,COj!, 
occurs  native  in  rhombohedral  crystals,  resembling  those  of  calcareous 
spar,  embedded  in  talc-slate ;  a  soft  earthy  variety  is  sometimes  met 
with. 

When  magnesia  alba  is  dissolved  in  carbonic  acid  water,  and  the 
solution  left  to  evaporate  spontaneously,  small  prismatic  crystals  are 
deposited,  which  consist  of  carbonate  of  magnesia,  with  3  equivalents 
of  water. 

The  magnesia  alba  itself,  although  often  called  cai-bonate  of  mag- 
nesia, is  not  so  in  reality  ;  it  is  a  compound  of  carbonate  with  hydrate. 
It  is  prepared  by  mixing  hot  solutions  of  carbonate  of  potassa  or  soda, 
and  sulphate  of  magnesia,  the  latter  being  kept  in  slight  excess,  boil- 
ing the  whole  a  few  minutes,  during  which  time  much  carbonic  acid 
is  disengaged,  and  then  well  washing  the  precipitate  so  produced.  If 
the  solution  be  very  dilute,  the  magnesia  alba  is  exceedingly  light  and 
bulky ;  if  otherwise,  it  is  denser.  The  composition  of  this  precipitate 
is  not  perfectly  constant.  Inmost  cases  it  contains  4(Mg0,C0i) -f- 
MgO,HO  +  6HO. 

Magnesia  alba  is  slightly  soluble  in  watei',  especially  when  cold. 

Phosphate  of  magnesia,  2MgO,HO,P05-|-UHO.  —  This  salt 
separates  in  small  colourless  prismatic  crystals  when  solutions  of 
phosphate  of  soda  and  sulphate  of  magnesia  are  mixed  and  suffered  to 
stand  some  time.  Prof.  Graham  states  that  it  is  soluble  in  about  1,000 
parts  of  cold  water,  but  Berzelius  describes  a  phosphate  which  only 
requires  15  parts  of  water  for  solution  :  this  can  hai'dly  be  the  same 
substance.  Phosphate  of  magnesia  exists  in  the  grain  of  the  cereals, 
and  can  be  detected  in  considerable  quantity  in  beer. 

Phosphate  of  magnesia  and  ammonia,  2MgO,NH40,P05  + 
12H0. — When  a  soluble  phosphate  is  mixed  with  a  salt  of  magnesia, 
and  ammonia  or  its  carbonate  added,  a  crystalline  precipitate,  having 
the  above  composition,  subsides,  immediately  if  the  solutions  are  con- 
centrated, and  after  some  time  if  very  dilute ;  in  the  latter  case,  the 
precipitation  is  promoted  by  stirring.  This  salt  is  slightly  soluble  in 
pure  water,  but  scarcely  so  in  saline  liquids.  When  heated,  it  is  re- 
solved into  bibasic  phosphate  (pyrophosphate)  of  magnesia,  containing 
35"71  per  cent,  of  magnesia.  At  ii  strong  red-heat  it  fuses  to  a 
white  enamel-like  mass.  The  phosphate  of  magnesia  and  ammonia 
sometimes  forms  an  urinary  calculus. 

In  practical  analysis,  magnesia  is  often  separated  from  solutions  by 
bringing  it  into  this  state.  The  liquid,  free  from  alumina,  lime,  &c., 
is  mixed  with  phosphate  of  soda  and  excess  of  ammonia,  and  gently 
heated  for  a  short  time.    The  precipitate  is  collected  upon  a  filter  mid 
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thoroughly  washed  with  water  containing  a  little  sal-ammoniac,  after 
which  it  is  dried,  ignited  to  redness,  and  weighed.  The  proportion  of 
magnesia  is  then  easily  calculated. 

Silicates  of  magnesia.— The  following  natural  compounds  be- 
long to  this  class  : — Steatite  or  soap-stone,  MgO,Si03,  a  soft,  white, 
or  pale-coloured,  amorphous  substance,  found  in  Cornwall  and  else- 
where;— Meerschaum,  MgO.SiOs-l-HO,  from  which  pipe-bowls  are 
often  manufactured;— (7A/-i/so We,  3MgO,SiOs,  a  crystallized  mineral, 
sometimes  employed  for  ornamental  purposes  ;  a  portion  of  magnesia 
is  commonly  replaced  by  protoxide  of  iron,  which  communicates  a 
gi'een  colour  ; — Serpentine  is  a  combination  of  silicate  and  hydrate  of 
magnesia ; — Jade,  an  exceedingly-hard  stone,  brought  from  New  Zea- 
land, contains  silicate  of  magnesia  combined  with  silicate  of  alumina ; 
its  green  colour  is  due  to  sesquioxide  of  chromium ; — Augite  and 
hornblende  are  essentially  double  salts  of  silicic  acid,  magnesia,  and 
lime,  in  which  the  magnesia  is  more  or  less  replaced  by  its  isomor- 
phous  substitute,  protoxide  of  iron. 


The  salts  of  magnesia  are  strictly  isomorplious  with  those  of  the 
protoxides  of  zinc,  of  iron,  of  copper,  &c. ;  they  are  usually  colourless, 
and  are  easily  recognized  by  the  following  characters  : — 

A  gelatinous  white  precipitate  with  caustic  alkalis,  including 
ammonia,  insoluble  in  excess,  but  soluble  in  solution  of  sal- 
ammoniac. 

A  white  precipitate  with  the  carbonates  of  potassa  and  soda,  but 

none  with  carbonate  of  ammonia  in  the  cold. 
A  white  crystalline  precipitate  with  soluble  phosphates,  on  the 

addition  of  a  little  ammonia. 
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SECTION  III. 
METALS  OF  THE  EARTHS  PEOPER. 


ALUMINUM  OR  ALUMINIUM. 

Alumina,  the  ouly  known  oxide  of  this  metal  is  a  substance  of 
very  abundant  occurrence  in  nature  in  the  state  of  silicate,  as  in 
felspar  and  its  associated  minerals,  and  in  the  various  modifications  of 
clay  thence  derived.  Aluminium  is  prepared  in  the  same  manner  as 
magnesium,  but  with  rather  more  difficulty  ;  a  platinum  or  iron  tube 
closed  at  one  extremity  may  be  employed.  Sesquichloride  of  alu- 
minium is  first  introduced,  and  upon  that  about  an  equal  bulk  of 
potassium  loosely  wrapped  in  platinum  foil.  The  lower  part  of  the 
tube  is  then  heated  so  as  to  sublime  the  chloride  and  bring  its  vapours 
in  contact  with  the  melted  potassium.  The  reduction  takes  place 
with  great  disengagement  of  heat.  The  metal,  separated  by  cold 
water  from  the  alkaline  chloride,  has  a  tin-white  colour  and  perfect 
lustre.  It  is  obtained  in  small  fused  globules  by  the  heat  attained  in 
the  reduction,  which  are  malleable,  and  have  a  specific  gravity  of  2-6. 
When  heated  in  the  air  or  in  oxygen,  it  takes  &re  and  burns  with 
brilliancy,  pi-oducing  alumina. 

Aliuninium  has  for  its  equivalent  the  number  13'7  ;  its  symbol  is  Al. 

Alumina,  Al^Gs. — This  substance  is  inferred  to  be  a  sesquioxide, 
from  its  isomorphism  with  the  red  oxide  of  iron.  It  is  prepared  by 
mixing  solution  of  alum  with  excess  of  ammonia,  by  which  an  ex- 
tremely bulky,  white,  gelatinous  precipitate  of  hydrate  of  alumina  is 
thrown  down.  This  is  washed,  dried,  and  ignited  to  whiteness. 
Thus  obtained,-  alumina  constitutes  a  while,  tasteless,  coherent  mass, 
very  little  acted  upon  by  acids.  The  hydrate,  on  the  contrary,  ^yhen 
simply  dried  in  the  air,  or  by  gentle  heat,  dissolves  freely  in  dilute 
acid,  and  in  caustic  potassa  or  soda,  from  which  it  is  precipitated  by 
the  addition  of  sal-ammoniac.  Alumina  is  fusible  before  the  oxy- 
hydrogen  blowpipe.  The  mineral  called  corimdmn,  of  which  the  ruby 
and  sapphire  are  transparent  varieties,  consists  of  nearly  pure  alumina 
in  a  crystallized  state,  with  a  little  colouring  oxide  ;  emery,  used  for 
polishing  glass  and  metals,  is  a  coarse  variety  of  corundum.  Alumina 
is  a  vejy  feeble  base,  and  its  salts  have  often  an  acid  reaction. 

Sesquichloride  op  aluminium,  AlaCls— The  solution  of  alumina 
in  hydrochloric  acid  behaves,  when  evaporated  to  dryness,  like  that  ot 
magnesin,  the  chloride  being  decomposed  by  the  water,  and  alumina 
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iind  hydrochloric  acid  produced.  The  chloride  maybe  thus  prepared  : 
— Pure  precipitated  alumina  is  dried  and  mixed  with  lampblack,  and 
the  mixture  strongly  calcined  in  a  covered  crucible.  It  is  then  trans- 
ferred to  a  porcelain  tube  fixed  across  a  furnace,  and  heated  to  redness 
in  a  stream  of  chlorine  gas,  when  the  alumina,  yielding  to  the  attrac- 
tion of  the  chlorine  on  the  one  hand  and  the  carbon  on  the  other,  for 
each  of  its  constituents,  suffers  decomposition,  carbonic  oxide  being 
disengaged,  and  sesquichloride  of  aluminium  formed ;  the  latter  sub- 
limes, and  condenses  in  the  cool  part  of  the  tube. 

Sesquichloride  of  aluminium  is  a  crystalline  yellowish  substance, 
excessively  greedy  of  moisture,  and  very  soluble.  Once  dissolved,  it 
cannot  be  again  recovered.  It  is  said  to  combine  with  sulphuretted 
and  phosphoretted  hydrogen,  and  with  ammonia. 

Sulphate  of  alumina,  AlaOsjSSOs  -|-  18H0. — Prepared  by 
saturating  dilute  sulphuric  acid  with  hydrate  of  alumina,  and  evapo- 
rating. It  crystallizes  in  thin,  pearly  plates,  soluble  in  2  parts  of 
water;  it  has  a  sweet  and  astringent  taste,  and  an  acid  reaction. 
Heated  to  redness,  it  is  decomposed,  leaving  pure  alumina.  Two 
other  sulphates  of  alumina,  with  excess  of  base,  are  also  described, 
one  of  which  is  insoluble  in  water. 

Sulphate  of  alumina  combines  with  the  sulphates  of  potassa,  soda, 
and  ammonia,  forming  double  salts  of  great  interest,  the  alums. 
Common  alum,  the  source  of  all  the  preparations  of  alumina,  contains 
AlsOsjoSOs  -f-  KOjSOa  -f  24HO.  It  is  manufactured,  on  a  very  large 
scale,  from  a  kind  of  slaty  clay,  loaded  with  bisulphide  of  iron,  which 
abounds  in  certain  parts.  This  is  gently  roasted,  and  then  exposed 
to  the  air  in  a  moistened  state  ;  oxygen  is  absorbed,  the  sulphur 
becomes  acidified,  sulphate  of  protoxide  of  iron  and  sulphate  of  alu- 
mina are  produced,  and  afterwards  separated  by  lixiviation  with 
water.  The  solution  is  next  concentrated,  and  mixed  with  a  quantity 
of  chloride  of  potassium,. which  decomposes  the  iron-salt,  foi'ming  pro- 
tochloride  of  iron  and  sulphate  of  potassa,  which  latter  combines,  with 
the  sulphate  of  alumina,  to  form  alum.  By  crystallization,  the  alum  is 
separated  fi-om  the  highly-soluble  chloride  of  iron,  and  afterwards  easily 
purified  by  a  repetition  of  that  process.  Other  methods  of  alum- 
making  exist,  and  are  sometimes  employed.  Potassa-alum  crystallizes 
in  colourless,  transparent  octahedrons,  winch  often  exhibit  the  faces  of 
the  cube.  It  has  a  sweetish  and  astringent  taste,  reddens  litmus  paper, 
and  dissolves  in  18  parts  of  water  at  60°  (15°'5C),  and  in  its  own 
weight  of  boiling  water.  Exposed  to  heat,  it  is  easily  rendered  anhy- 
drous, and,  by  a  very  high  temperature,  decomposed.  The  crystals  have 
little  tendency  to  change  in  the  air.  Alum  is  largely  used  in  the 
aits,  m  preparing  sldns,  dyeing,  &c. ;  it  is  occasionally  contaminated 
with  oxide  of  iron,  which  interferes  with  some  of  its  applications. 
The  celebrated  Roman  alum,  made  from  alum-stone,  a  felspathic  rock' 
altered  by  sulphurous  vapours,  was  once  much  prized  on  account  of 
its  freedom  from  this  impuilty. 
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A  mixture  of  dried  alum  and  sugar,  carbonized  in  an  open  pan,  and 
then  heated  to  redness,  out  of  contact  of  air,  furnishes  the  pyrophoms 
of  Romberg,  which  ignites  spontaneously  on  exposure  to  the  atmo- 
sphere. The  essential  ingredient  is,  in  all  probability,  finely-divided 
sulphide  of  potassium. 

Soda-alum,  in  which  sulphate  of  soda  replaces  sulphate  of  potassa, 
has  a  form  and  constitution  similar  to  that  of  the  salt  described  :  it  is' 
however,  much  more  soluble,  and  difficult  to  crystallize. 

Am,monia-alum,  containing  NH^0,S03,  instead  of  K0,S03,  '^^^ 
closely  resembles  common  potassa-alum,  having  the  same  fio-ure, 
appearance,  and  constitution,  and  nearly  the  same  degree  of  solubility 
as  that  substance.  It  is  sometimes  manufactured  for  commercial  use. 
When  heated  to  redness,  it  yields  pure  alumina. 

Few  of  the  other  salts  of  alumina,  except  the  silicates,  present 
points  of  interest :  these  latter  are  of  great  importance.  Silicates  of 
alumina  enter  into  the  composition  of  a  number  of  crystallized  mine- 
rals, among  which  felspar  occupies,  by  reason  of  its  abundant  occur- 
rence, a  prominent  place.  Granite,  poi-jjlip-y,  trachyte,  and  other 
ancient  unstratified  rocks,  consist  in  great  part  of  this  mineral,  which, 
under  peculiar  circumstances,  by  no  means  well  understood,  and  par- 
ticularly by  the  action  of  the  carbonic  acid  of  the  air,  suffer  complete 
decomposition,  becoming  converted  into  a  soft,  friable  mass  of  earthy 
matter.  This  is  the  origin  of  clay :  the  change  itself  is  seen  in  great 
perfection  in  certain  districts  of  Devonshire  and  Cornwall,  the  felspar 
of  the  fine  white  granite  of  those  localities  being  often  disintegrated  to 
an  extraordinaiy  depth,  and  the  rock  altered  to  a  substance  resembling 
soft  mortar.  By  washing,  this  finely-divided  matter  is  separated 
from  the  quartz  and  mica,  and  the  milk-like  liquid,  being  collected 
in  tanks  and  suffered  to  stand,  deposits  the  suspended  clay,  which  is 
afterwards  dried,  fii'st  in  tlie  air  and  afterwards  in  a  stove,  and 
employed  in  the  manufacture  of  porcelain.  The  composition  assigned 
to  unaltered  felspar  is  Al^O^,  ^SiOj  +  K0,Si03,  or  alum,  having 
silicic  acid  in  the  place  of  sulphuric.  The  exact  nature  of  the  change 
by  which  it  passes  into  porcelain  clay  is  unknown,  although  it 
evidently  consists  in  the  abstraction  of  silica  and  alkali. 

When  the  decomposing  rock  contains  oxide  of  iron,  the  clay  pro- 
duced is  coloured.  The  different  varieties  of  shale  and  slate  result 
from  the  alteration  of  ancient  clay-beds,  apparently  in  many  instances 
by  the  infiltration  of  water  holding  silica  in  solution  :  the  dark  ap- 
pearance of  some  of  these  deposits  is  due  to  bituminous  matter. 

It  is  a  common  mistake  to  confound  clay  with  alumina;  all  clays 
are  essentially  silicates  of  that  base ;  they  often  vary  a  good  deal  in 
composition.  Dilute  acids  exert  little  action  on  these  compounds ; 
but  by  boiling  with  oil  of  vitriol,  alumina  is  dissolved  out,  and  finely- 
divided  sihca  left  behind.  Clays  containing  an  admixtiu'e  of  carbo- 
nate of  lime  are  termed  marls,  and  are  recognized  by  effervescing  with 
acids. 
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A  basic  silicate  of  alumina,  SAljOg.SiOa,  is  found  crystallized, 
constituting  the  beautiful  mineral  called  cyanite.  The  compounds 
formed  by  the  union  of  the  silicates  of  alumina  with  other  silicates 
are  almost  innumerable ;  a  soda-felspar,  albite,  containing  that  alkali 
in  place  of  potassa,  is  known,  and  there  are  two  somewhat  similar 
lithia-compounds  spodumene  and  petalite.  The  zeolites  belong  to  this 
class :  analcime,  nepheline,  mesotype,  &c.,  are  double  silicates  of  soda 
and  alumina,  with  water  of  crystallization.  Stilbite,  heiilandite, 
laumonite,  pre/mite,  &c.,  consist  of  silicate  of  lime,  combined  with 
silicate  of  alumina.  The  garnets,  axinite,  mica,  &c.,  have  a  similar 
composition,  but  are  anhydrous.  Sesquioxide  of  iron  is  very  often 
substituted  for  alumina  in  these  minerals. 


Alumina,  when  in  solution,  is  distinguished  without  difficulty. 

Caustic  potassa  and  soda  occasion  white  gelatinous  precipitates  of 
hydrate  of  alumina,  freely  soluble  in  excess  of  the  alkali. 

Ammonia  produces  a  similar  precipitate,  insoluble  in  excess  of  the 
reagent. 

The  alkaline  carbonates  and  carbonate  of  ammonia  precipitate  the 
hydrate,  with  escape  of  carbonic  acid.  The  precipitates  are  insoluble 
in  excess. 

BERYLLIUM  (GLCTCINDM). 

This  metal  is  prepared  from  the  chloride  in  the  same  manner  as 
aluminium.  It  is  fusible  with  great  difficulty,  not  acted  upon  by  cold 
water,  and  burns  when  heated  ia  the  air,  producing  berylla. 

The  equivalent  of  beiyllium  is  6 '9,  and  the  symbol  Be. 

Berylla,  BejO^,  is  a  rare  earth  found  in  the  emerald,  beryl,  and 
enclose,  from  which  it  may  be  extracted  by  a  tolerably  simple  process. 
It  very  much  resembles  alumina,  but  is  distinguished  fi-om  that 
substance  by  its  solubility,  when  freshly  precipitated,  in  a  cold  solu- 
tion of  carbonate  of  ammonia,  from  which  it  is  again  thrown  down  on 
boiling.  The  salts  of  berylla  have  a  sweet  taste,  whence  its  former 
name  glucina  {yXuKu;). 

YTTRIUM. 

The  metal  of  a  very  rare  earth,  yttria,  contained  in  a  few  scarce 
minerals.  The  name  is  derived  from  Ytterby,  a  place  in  Sweden, 
where  one  of  these,  gadolinite,  is  found.  It  is  obtained  from  the 
chloride  by  the  process  already  described ;  it  resembles  in  character 
the  preceding  metal. 

Ordinary  yttria  is  stated  by  Professor  Mosander  to  be  a  mixture  of 
the  oxides  of  not  less  than  three  metals,  namely,  yttrium,  erbium,  and 
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terbium,  which  differ  in  the  characters  of  their  salts,  and  in  other  par- 
ticulars. The  first  is  a  very  powerful  base,  the  two  others  are  weak 
ones.    They  are  separated  with  extreme  difficulty. 


OERIUM,  LANTHANIUM,  AND  DIDYMIUM. 

The  oxides  of  these  very  rare  metals  are  found  associated  in  the 
Swedish  mineral  cm'^e ;  the  equivalent  of  cerium  is  about  47,  and 
its  symbol  Ce.  This  metal  forms  a  protoxide  CeO,  and  a  sesquioxide 
Ce.O^. 

The  crude  sesquioxide  of  cerium  obtained  by  precipitating  the 
double  sulphate  of  cerium  and  potassa  directly  derived  from  cerite 
by  carbonate  of  potassa,  has  been  shown  by  Mosander  to  contain  in 
addition  to  sesquioxide  of  cerium,  the  oxides  of  two  other  metals,  to 
which  the  above  names  were  given.  After  ignition  it  is  red-brown. 
The  complete  sepai-ation  of  these  three  bodies  is  attended  with  the 
greatest  difficulty,  and  has  indeed  been  only  partially  accomplished.* 
Oxide  of  cerium  may  be  obtained  pure  by  heating  the  mixture  of 
the  three  oxides  first  with  diluted  and  afterwards  with  concentrated 
nitric  acid,  which  gradually  removes  the  whole  of  the  oxides  of  lan- 
thanium  and  didymium. 

The  yellow  oxide  of  cerium,  obtained  by  igniting  the  nitrate,  is  a 
mixture  of  proto-  and  sesqui-oxide,  which  are  extremely  difficult  to 
obtain  in  a  separate  state.  The  salts  of  the  former  are  colourless, 
and  are  comjjletely  prec'ipitated  by  sulphate  of  potassa  ;  the  sulphate 
of  the  sesquioxide  is  yellow,  and  forms  a  beautiful  double  salt  with 
sulphate  of  potassa,  which  is  decomposed  by  water.  The  metal  cerium 
has  been  obtained  from  the  chloride  by  the  action  of  sodium. 

Oxide  of  lanthanium,  as  pure  as  it  has  been  obtained,  forms  a  very 
pale  salmon-coloui'ed  powder,  unchanged  by  ignition  in  open  or  close 
vessels.  In  contact  with  water  it  gives  a  snow-white  bulky  hydrate 
which  has  an  alkaline  reaction,  and  decomposes  ammoniacal  salts  by 
boiling.  Its  salts  are  crystallizable,  colourless,  sweet,  and  astringent, 
and  are  precipitated  by  sulphate  of  potassa. 

A  tolerably  pure  lanthanium-salt  may  be  obtained  by  slowly  crys- 
tallizing an  acid  solution  containing  the  sulphates  of  lanthanium  and 
didymium,  picking  out  the  rose-coloured  crystals  (containing  didy- 
mium), and  the  violet  ones  (containing  lanthanium  and  didymium), 
adding  the  solution  of  the  latter  to  the  mother-liquor,  and  repeating 
the  process.  In  this  manner  the  whole  of  the  didymiura-salt  may  be 
finally  separated  by  crystallization.  Metallic  lanthanium  is  prepared 
like  cerium. 

The  occasional  brown  colom-  of  crude  oxide  of  cerium  is  due  to 

*  A  synopsis  of  the  various  methods  for  the  separation  of  cerium,  lantha- 
nium, and  didymium  has  been  given  by  Mr.  H.  Watts.  Chem.  Soc.  Quar. 
Jour.  ii.  140. 
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oxide  of  didymium.  In  .a  pure  state,  it  forms  a  brown  powder, 
soluble  in  acids,  and  generating  a  series  of  red  crystallizable  sa  ts, 
from  which  caustic  potassa  precipitates  a  violet-blue  hydrate,  quickly 
changing  by  exposure  to  the  air.  It  communicates  to  glass  an  ame- 
thystine colour.* 

ZIRCONIUM. 

Prepared  by  heating  the  double  fluoride  of  zirconium  and  potassium 
■with  potassium,  and  sepai-ating  the  salt  with  cold  water.  The  metal 
is  blaciv,  and  acquires  a  feeble  lustre  when  burnished.  It  takes  fire 
when  heated  in  the  air. 

The  equivalent  of  zirconium  is  33-6,  and  its  symbol  Zr. 

ZiRCONiA,  Zi-jOj,  is  a  rare  earth,  very  closely  resembling  alumina, 
found  together  with  silica,  in  the  mineral  zircon.  The  salts  are 
colourless  and  have  an  astringent  taste. 

Svanberg  has  rendered  it  probable  that  an  undescribed  metallic 
oxide  exists  in  certain  varieties  of  zircon,  for  the  metal  of  which  he 
proposes  the  name  of  norium. 

THORIUM. 

The  metal  of  an  earth  from  a  very  rare  mineral,  thorite  ;  it  agrees 
in  character  with  aluminium,  and  is  obtained  by  similar  means. 

The  equivalent  of  thorium  is  59  "6,  and  its  symbol  Th. 

Thoria,  ThO,  is  remarkable  for  its  great  specific  gi'avity,  and  is 
otherwise  distinguished  by  peculiar  properties  which  separate  it  from 
all  other  substances. 

Manufacture  of  Glass,  Porcelain,  and  Earthenware. 

Glass. — Glass  is  a  mixture  of  various  insoluble  silicates,  with  ex- 
cess of  silica,  altogether  destitute  of  crystalline  structure :  the  simple 
silicates,  formed  by  fusing  the  bases  with  silicic  acid  in  equivalent 
proportions,  very  often  crystallize,  which  happens  also  with  the 
greater  number  of  the  natural  silicates  included  among  the  earthy 
minerals.  Compounds  identical  with  some  of  these  are  also  occa- 
sionally formed  in  artificial  processes,  where  large  masses  of  melted 
glassy  matter  are  suffered  to  cool  slowly.  The  alkaline  silicates,  when 
in  a  state  of  fusion,  have  the  power  of  dissolving  a  large  quantity  of 
silica. 

Two  principal  varieties  of  glass  are  met  with  in  commerce,  namely, 
glass  composed  of  silica,  alkali,  and  lime,  and  glass  containing  a  large 
proportion  of  silicate  of  lead  ;  crovm  and  plate  glass  belong  to  the 
former  division;  flint-glass,  and  the  material  of  artificial  gems  to 

*  Annalen  der  Chemie  vind  Phannacie,  xlviii.  210. 
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the  Latter.  The  lead  promotes  fusibility,  and  confers  also  density  and 
lustre.  Common  green  bottle-glass  contains  no  lead,  but  much  silicate 
of  black  oxide  of  iron,  derived  from  the  impure  materials.  The  prin- 
ciple of  the  glass  manufacture  is  very  simple.  Silica,  in  the  shape  of 
sand,  is  heated  with  carbonate  of  potassa  or  soda,  and  slaked  lime  or 
oxide  of  lead ;  at  a  high  temperature,  fusion  and  combination  occur, 
and  the  carbonic  acid  is  expelled.  When  the  melted  mass  has  become 
perfectly  clear  and  free  from  air-bubbles,  it  is  left  to  cool  until  it 
assumes  the  peculiar  tenacious  condition  proper  for  working. 

The  operation  of  fusion  is  conducted  in  large  crucibles  of  refractory 
fire-clay,  which  in  the  case  of  lead-glass  are  covered  by  a  dome  at 
the  top,  and  have  an  opening  at  the  side  by  which  the  materials  are 
introduced,  and  the  melted  glass  withdi-awn.  Great  care  is  exercised 
in  the  choice  of  the  sand,  which  must  be  quite  white  and  free  from 
oxide  of  iron.  Red-lead,  one  of  the  higher  oxides,  is  preferred  to 
litharge,  although  immediately  reduced  to'  protoxide  by  the  heat,  the 
liberated  oxygen  serving  to  destroy  any  combustible  matter  which 
might  accidentally  find  its  way  into  the"  crucible,  and  stain  the  glass 
by  reducing  a  portion  of  the  lead.  Potassa  gives  a  better  glass  than 
soda,  although  the  latter  is  very  generally  employed,  from  its  lower 
price.  A  certain  proportion  of  broken  and  waste  glass  of  the  same 
kind  is  always  added  to  the  other  materials. 

Articles  of  blown  glass  ai-e  thus  made : — The  workman  begins  by 
collecting  a  proper  quantity  of  soft,  pasty  glass  at  the  end  of  his  blow- 
pipe, an  iron  tube,  five  or  six  feet  in  length,  temiinated  by  a  mouth- 
piece of  wood ;  he  then  commences  blowing,  by  which  the  lump  is 
expanded  into  a  kind  of  flask,  susceptible  of  having  its  form  modified 
by  the  position  in  which  it  is  held,  and  the  velocity  of  rotation  con- 
tinually given  to  the  iron  tube.  If  an  open-mouthed  vessel  is  to  be 
made,  an  iron  rod,  called  a.  pontil  or  puntil,  is  dipped  into  the  glass-pot 
and  applied  to  the  bottom  of  the  flask,  to  which  it  thus  serves  as  a 
handle,  the  blowpipe  being  removed  by  the  application  of  a  cold  iron 
to  the  neck.  The  vessel  is  then  re-heated  at  a  hole  left  for  the  pur- 
pose in  the  wall  of  the  furnace,  and  the  aperture  enlarged,  and  the 
vessel  otherwise  altered  in  figure  by  the  aid  of  a  few  simple  tools, 
until  completed.  It  is  then  detached,  and  carried  to  the  annealing 
oven,  where  it  undergoes  slow  and  gi-adual  cooling  during  many  hours, 
the  object  of  which  is  to  obviate  the  excessive  brittleness  always  ex- 
hibited by  glass  which  has  been  quickly  cooled.  The  large  circular 
tables  of  crown-glass  are  made  by  a  very  curious  process  of  this  kind ; 
the  globular  flask  at  first  produced,  transferred  from  the  blowpipe  to 
the  pontil,  is  suddenly  made  to  assume  the  form  of  a  flat  disc  by  the 
centrifugal  force  of  the  rapid  rotatory  movement  given  to  the  rod. 
Plate-glass  is  cast  upon  a  flat  metal  table,  and  after  very  careful 
annealing,  ground  true  and  polished  by  suitable  machinery.  Tubes 
are  made  by  rapidly  drawing  out  a  hollow  cylinder ;  and  from  these 
a  great  variety  of  useful  small  apparatus  may  be  constructed  with  the 
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help  of  a  lamp  and.  blowpipe,  or  still  better,  the  bellows-table  of  the 
barometer-maker.  Small  tubes  may  be  bent  in  the  flame  oC  a  spirit- 
lamp  or  gas-jet,  and  cut  with  great  ease  by  a  file,  a  scratch  being 
made,  and  the  two  portions  pulled  or  broken  asunder  in  a  way  easily 
learned  by  a  few  trials. 

Specimens  of  the  two  chief  varieties  of  glass  gave  the  foUowmg 
results  on  analysis  : — 


Bohemian  plate-glass  (excellent).* 
Silica    .       .       .  60-0 
Potassa     .       .       25  "0 
Lime    .       .  .12-5 


97-5 


English  flint-glass.t 
Silica  .       .  .51-93 
Potassa    .       .  13-77 
Oxide  of  lead       .  33-28 


98-98 


The  difficultly-fusible  white  Bohemian  tube,  so  invaluable  in  organic 
chemistry,  has  been  found  to  contain,  in  100  parts — 

Silica   72-80 

Lime,  with  trace  of  alumina    .       .  9*68 

Magnesia   '40 

Potassa   16-80 

Traces  of  manganese,  &e.,  and  loss  -32 

Different  colours  are  often  communicated  to  glass  by  metallic  oxides. 
Thus,  oxide  of  cobalt  gives  deep  blue  ;  oxide  of  manganese,  amethyst ; 
suboxide  of  copper,  ruby-red ;  black  oxide  of  copper,  green  ;  the 
oxides  of  iron,  dull  green  or  brown,  &c.  These  are  either  added  to 
the  melted  contents  of  the  glass-pot,  in  which  they  dissolve,  or  applied 
in  a  particular  manner  to  the  surface  of  tiie  plate  or  other  object, 
which  is  then  re-heated,  until  fusion  of  the  colouring  matter  occurs  : 
such  is  the  practice  of  enamelling  and  glass-painting.  An  opaque 
white  appearance  is  given  by  oxide  of  tin ;  the  enamel  of  watch  faces 
is  thus  prepared. 

When  silica  is  melted  with  twice  its  weight  of  carbonate  of  potassa 
or  soda,  and  the  product  treated  with  water,  the  greater  part  dissolves, 
yielding  a  solution  from  which  acids  precipitate  gelatinous  silica. 
This  is  the  soluble  glass  sometimes  mentioned  by  chemical  writers ; 
its  solution  has  been  used  for  rendering  muslin  and  other  fabrics  of 
cotton  or  linen  less  combustible. 

Porcelain  and  earthenware.— The  lolasticity  of  natural  clays, 
and  their  hardening  when  exposed  to  heat,  are  properties  which  sug- 
gested in  very  early  times  their  application  to  the  making  of  vessels 
for  the  various  purposes  of  daily  life  ;  there  are  few  branches  of  indus- 
try of  higher  antiquity  than  that  exercised  by  the  potter. 

True  porcelain  is  distinguished  from  earthenware  by  very  obvious 


*  Mitscherlich,  Lehrbuch,  ii.  187. 


t  Faraday. 


298 


PORCELAIN  A^D  EAETHEXWARE. 


characters.  In  porcelain  the  body  of  the  ware  is  very  compact  and 
translucent,  and  breaks  with  a  conchoidal  fracture,  symptomatic  of 
a  commencement  of  fusion.  The  glaze,  too,  applied  for  giving  a  per- 
fectly smooth  surface,  is  closely  adherent,  and  in  I'act  graduates  by 
insensible  degrees  into  the  substance  of  the  body.  In  earthenware, 
on  the  contrary,  the  fracture  is  open  and  earthy,  and  the  glaze  detach- 
able with  greater  or  less  facility.  The  compact  and  partly  glassy 
character  of  porcelain  is  the  result  of  the  admixture  with  "the  clay 
of  a  small  portion  of  some  substance,  fusible  at  the  temperature  to 
which  the  ware  is  exposed  when  baked  or  fired,  and  which,  absorbed 
by  the  more  infusible  portion,  binds  the  whole  into  a  solid  mass  on 
cooling  ;  such  substances  are  found  in  felspar,  and  in  a  small  admix- 
ture of  silicate  of  lime,  or  alkali.  The  clay  employed  in  porcelain- 
making  is  always  directly  derived  from  decomposed  felspar,  none  of 
the  clays  of  the  secondary  strata  being  pure  enough  for  the  purpose; 
it  must  be  white,  and  free  from  oxide  of  iron.  To  diminish  the  con- 
traction which  this  substance  undergoes  in  the  fire,  a  quantity  of 
finely-divided  silica,  carefully  prepared  by  crushing  and  grinding  cal- 
cined flints  or  chert,  is  added,  together  with  a  proper  proportion  of 
felspar  or  other  fusible  material,  also  reduced  to  impalpable  powder. 
The  utmost  pains  are  taken  to  effect  perfect  uniformity  of  mixture, 
and  to  avoid  the  introduction  of  particles  of  grit,  or  other  foreign 
bodies.  The  ware  itself  is  fashioned  either  on  the  potter's  wheel ; — 
a  kind  of  vertical  lathe ; — or  in  moulds  of  plaster  of  Paris,  and  dried, 
first  in  the  air,  afterwards  by  artificial  heat,  and  at  length  completely 
hardened  by  exposure  to  the  temperature  of  ignition.  The  porous 
biscuit  is  now  fit  to  receive  its  glaze,  which  may  be  either  ground  fel- 
spar, or  a  mixture  of  gypsum,  silica,  and  a  little  porcelain  clay,  diffused 
through  water.  The  piece  is  dipped  for  a  moment  into  this  mixture, 
and  withdrawn ;  the  water  sinks  into  its  substance,  and  the  powder 
remains  evenly  spread  upon  its  surface ;  it  is  once  more  dried,  and 
lastly,  fired  at  an  exceedingly-high  temperature. 

The  porcelain-furnace  is  a  circular  structure  of  masonry,  having  se- 
veral fire-places,  and  surmounted  by  a  lofty  dome.  Dry  wood  or  coal 
is  consumed  as  fuel,  and  its  flame  directed  into  the  interior,  and  made 
to  circulate  around  and  among  the  earthen  cases,  or  seggars  in  which 
the  articles  to  be  fired  are  packed.  Many  hours  are  required  for  this 
operation,  which  must  be  very  carefully  managed.  After  the  lapse 
of  several  days,  when  the  furnace  has  completely  cooled,  the  contents 
are  removed  in  a  finished  state,  so  far  as  regards  the  ware. 

The  ornamental  part,  consisting  of  gilding  and  painting  in  enamel, 
has  yet  to  be  executed,  after  which  the  pieces  are  again  heated,  in 
order  to  flux  the  colours.  This  operation  has  sometimes  to  be  repeated 
more  than  once. 

The  manufacture  of  porcelain  in  Europe  is  of  modei-n  origin  :  the 
Chinese  have  possessed  the  art  from  the  commencement  of  the  seventh 
century,  and  their  ware  is,  in  some  respects,  altogether  unequalled. 
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The  materials  employed  by  them  are  Icnown  to  be  kaolin,  or  decom- 
posed felspar  ;  petuntzc,  or  quartz  reduced  to  fine  powder ;  and  the 
ashes  of  fern,  which  contain  carbonate  of  potassa. 

Stoneware. — This  is  a  coarse  kind  of  porcelain,  made  from  clay, 
containing  oxide  of  iron  and  a  little  lime,  to  which  it  owes  its  partial 
fusibility.  The  glazing  is  performed  by  throwing  common  salt  into  the 
heated  furnace ;  this  is  volatilized,  and  decomposed  by  the  joint  agency 
of  the  silica  of  the  ware,  and  of  the  vapour  of  water  always  present ; 
hydrochloric  acid  and  soda  are  produced,  the  latter  forming  a  silicate, 
which  fuses  over  the  surface  of  the  ware,  and  gives  a  thin,  but  excel- 
lent glaze. 

Earthenware. — The  finest  kind  of  earthenware  is  made  from  a 
white  secondary  clay,  mixed  with  a  considerable  quantity  of  silica. 
The  articles  are  thoroughly  dried  and  fii-ed,  after  which  they  are 
dipped  into  a  readilj'-fusible  glaze  mixture,  of  which  oxide  of  lead  is 
usually  an  important  ingredient,  and,  when  dry,  re-heated  to  the 
point  of  i'usion  of  the  latter.  The  whole  process  is  much  easier  of 
execution  than  the  making  of  porcelain,  and  demands  less  care.  The 
ornamental  designs  in  blue  and  other  colours,  so  common  upon  plates 
and  household  articles,  are  printed  upon  paper  in  enamel  pigment, 
mixed  with  oil,  and  transferred,  while  still  wet,  to  the  unglazed  ware. 
When  the  ink  becomes  dry,  the  paper  is  washed  of}',  and  the  glazing 
completed. 

The  coarser  kinds  of  earthenware  are  sometimes  covered  with  a 
whitish  opaque  glaze,  which  contains  the  oxides  of  lead  and  tin  :  such 
glaze  is  very  liable  to  be  attacked  by  acids,  and  is  dangerous  for  culi- 
nary vessels. 

Crucibles,  when  of  good  quality,  are  very  valuable  to  the  practical 
chemist.  They  are  made  of  clay  free  from  lime,  mixed  with  sand  or 
ground  ware  of  the  same  description.  The  Hessian  and  Cornish  cru- 
cibles are  among  the  best.  Sometimes  a  mixture  of  plumbago  and 
clay  is  employed  for  the  same  purpose  ;  and  powdered  coke  has  been 
also  used  with  the  earth  :  such  crucibles  bear  rapid  changes  of  temper- 
ature with  impunity. 
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SECTION  IV. 

OXIDABLE  METALS  PROPER,  WHOSE  OXIDES  FORM 
POWERFUL  BASES. 


MANGANESE. 

Manganese  is  tolerably  abundant  in  nature  in  an  oxidized  state, 
foi'ming,  or  entering  into  the  composition  of,  several  interesting  mine- 
rals. Traces  of  this  substance  are  very  frequently  found  in  the  ashes 
of  plants. 

Metallic  manganese,  or  perhaps,  strictly,  carbiJe  of  manganese, 
may  be  best  prepared  by  the  following  process.  The  carbonate  is 
calcined  in  an  open  vessel,  by  which  it  becomes  converted  into  a 
dense  brown  powder:  this  is  intimately  mixed  with  a  little  charcoal, 
and  about  one-tenth  of  its  weight  of  anhydrous  borax.  A  chai'coal 
crucible  is  next  prepared  by  filling  a  Hessian  or  Cornish  crucible  with 
moist  charcoal  powder,  introduced  a  little  at  a  time,  and  rammed  as 
hard  as  possible.  A  smooth  cavity  is  then  scooped  in  the  centre,  into 
which  the  above-mentioned  mixture  is  compressed,  and  covered  with 
charcoal-powder.  The  lid  of  the  crucible  is  then  fixed,  and  the 
whole  arranged  in  a  very  powerful  wind-furnace.  The  heat  is  slowly 
raised  until  the  crucible  becomes  red-hot,  after  which  it  is  urged  to 
its  maximum  for  an  hour  or  more.  When  cold,  the  crucible  is 
broken  up,  and  the  metallic  button  of  manganese  extracted. 

Manganese  is  a  greyish-white  metal,  resembling  some  varieties  of 
cast  -iron  ;  it  is  hard  and  brittle,  and  destitute  of  magnetic  properties. 
Its  specific  gravity  is  about  8.  It  is  fusible  with  great  difficulty,  and, 
■when  free  from  iron,  oxidizes  in  the  air  so  readily  that  it  requires  to 
be  preserved  in  naphtha.  Water  is  not  sensibly  decomposed  by  man- 
ganese  in  the  cold.  Dilute  sulphuric  acid  dissolves  it  with  great 
energy,  evolving  hydrogen. 

The  equivalent  of  manganese  is  27 "6  ;  its  symbol  is  Mn. 

Oxides  of  Manjancsc. — Seven  different  oxides  of  this  metal  are 
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described,  but  two  out  of  the  number  are,  probably,  secondary  com- 
pounda. 

Protoxide  .  .  .  .  MnO 

Sesquioxide      .  .  .  Mn^Og 

Binoxide    ....  MnO^ 

Proto-sesquioxide  (red  oxide)    .  Mn304  =  MnO,Mn203 

Yarvicite  ....  Mn^07  =  Mn203,2MnO., 

Manganic  acid  .  .  .  MnOg 

Permanganic  acid  .  .  .  Mn^O^ 

Protoxide,  MnO. — When  carbonate  of  manganese  is  heated  in  a 
stream  of  hydrogen  gas,  or  of  vapour  of  water,  the  carbonic  acid  is  dis- 
engaged, and  a  green-coloured  powder  left  behind,  which  is  the  prot- 
oxide. Prepared  at  a  dull  red-heat  only,  the  protoxide  is  so  prone 
to  absorb  oxygen  from  the  air,  that  it  cannot  be  removed  from  the 
tube  without  change;  but  when  made  at  a  higher  temperature,  it 
appears  more  stable.  This  oxide  is  a  very  powerful  base,  being 
isomorphous  with  magnesia  and  zinc;  it  dissolves  quietly  in  dilute 
acids,  neutralizing  them  completely  and  forming  salts,  which  have 
often  a  beautiful  pink  colour.  When  alkalis  are  added  to  solutions  of 
these  compounds  the  white  hydrated  oxide  first  precipitated  speedily 
becomes  brown  by  passing  into  a  higher  state  of  oxidation. 

Sesquioxide,  Mn^Og. — -This  compound  occurs  in  nature  in  the 
state  of  hydi-ate:  a  veiy  beautiful  ciystallized  variety  is  found  at 
Ilefeld,  in  the  Hartz.  It  is  produced  artificially,  by  exposing  to  the 
air  the  hydrated  protoxide,  and  forms  the  principal  part  of  the  residue 
left  in  the  iron  retort  when  oxygen  gas  is  prepared  by  exposing  the 
native  binoxide  to  a  moderate  red-heat.  The  colour  of  the  sesqui- 
oxide is  brown  or  black,  according  to  its  origin  or  mode  of  preparation. 
It  is  a  feeble  base,  isomorphous  with  alumina;  for,  when  gently 
heated  with  diluted  sulphuric  acid,  it  dissolves  to  a  red  liquid,  which, 
on  the  addition  of  sulphate  of  potassa  or  of  ammonia,  deposits  octa- 
hedral crystals  having  the  constitution  of  common  alum  ;  these  are, 
however,  decomposed  by  water.  Strong  nitric  acid  resolves  this 
oxide  into  a  mixture  of  protoxide  and  binoxide,  the  former  dissolvino- 
and  the  latter  remaining  unaltered ;  while  hot  oil  of  vitriol  destroys  it 
by  forming  sulphate  of  the  protoxide,  and  liberating  oxygen  gas. 
Heated  with  hydrochloric  acid,  chlorine  is  evolved,  as  with  the  bin- 
oxide, but  to  a  smaller  extent. 

Binoxide,  MnOj. — The  most  common  ore  of  manganese  •  it  is 
found  both  massive  and  crystallized.  It  may  be  obtainecl  artificially 
in  the  anhydrous  state  by  gently  calcining  the  nitrate,  or  in  combina- 
tion with  water,  by  adding  solution  of  bleaching  powder  to  a  salt  of 
the  protoxide.  Binoxide  of  manganese  has  a  black  colour,  is  inso- 
luble in  water,  and  refuses  to  unite  with  acids.    It  is  decomposed  by 
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hot  hydrochloric  acid  and  by  oil  of  vitriol  in  the  same  manner  as  the 
sesquioxide. 

As  this  substance  is  an  article  of  commerce  of  considerable  import- 
ance, being  used  in  very  large  quantity  for  making  chlorine,  and  as  it 
is  subject  to  great  alteration  of  value  from  an  admixture  of  the  sesqui- 
oxide and  several  impurities,  it  becomes  desirable  to  possess  means 
of  assaying  different  samples  that  may  be  presented,  with  a  view  of 
testing  their  fitness  for  the  purposes  of  the  manufacturer.  One  of 
the  best  and  most  convenient  methods  is  the  following : — 50  grains 
of  the  mineral,  reduced  to  very  fine  powder,  are  put  into  the  little 
vessel  employed  in  the  analysis  of  carbonates,*  together  with  about 
half  an  ounce  of  cold  water,  and  100  grains  of  strong  hydrochloric 
acid ;  50  grains  of  crystallized  oxalic  acid  are  then  added,  the  cork 
carrying  the  chloride  of  calcium  tube  is  fitted,  and  the  whole  quickly 
weighed  or  counterpoised.  The  application  of  a  gentle  heat  suffices 
to  determine  the  action ;  the  disengaged  chlorine  convej'ts  the  oxalic 
acid  into  carbonic  acid,  with  the  help  of  the  elements  of  water,  two 
equivalents  of  cai-bonic  acid  representing  one  of  chlorine,  and  conse- 
quently one  of  binoxide  of  manganese.  Now,  the  equivalent  of  the 
latter  substance,  43'6,  is  so  nearly  equal  to  twice  that  of  carbonic 
acid,  22,  that  the  loss  of  weight  sulTered  by  the  apparatus  when 
the  reaction  has  become  complete,  and  the  residual  gas  has  been 
driven  olF  by  momentary  ebullition,  may  be  taken  to  represent  the 
quantity  of  real  binoxide  in  the  50  grains  of  the  sample.  It  is  ob- 
vious that  the  little  apparatus  of  Will  and  Fresenius,  described  at 
page  266,  may  be  used  with  the  same  advantage. 

liED  OXIDE,  MugO^,  or  probably  MnO-l-Mn^Og.— This  oxide 
is  also  found  native,  and  is  produced  artificially  by  heating  to  white- 
ness the  binoxide  or  sesquioxide,  or  by  exposing  the  protoxide  or  car- 
bonate to  a  red-heat  in  an  open  vessel.  It  is  a  reddish-brown  sub- 
stance, incapable  of  forming  salts,  and  acted  upon  by  acids  in  the 
same  manner  as  the  two  higher  oxides  already  described.  Borax  and 
glass  in  a  fused  state  dissolve  this  subsbmce,  and  acquire  the  colour 
of  the  amethyst. 

Varvicite,  Mnfi.,,  or  Mn203-l-2MnO.,.— A  natural  prodnction, 
discovered  by  Mr.  Phillips,  among  certain  specimens  of  manganese-ore 
from  Warwickshire :  it  has  also  been  found  at  Ilefeld.  It  much  re- 
sembles the  bmoxide,  but  is  harder  and  more  brilliant,  and  contains 
water.  By  a  strong  heat,  varvicite  is  converted  into  red  oxide,  with 
disengagement  of  aqueous  vajDour  and  oxygen  gas. 

Chloride  of  manganese,  MnCl.— This  salt  may  be  prepared 
in  a  state  of  purity  from  the  dark-brown  liquid  residue  of  the  pre- 
paration of  chlorine  from  binoxide  of  manganese  and  hydrochloric 
acid,  which  often  accumulates  in  the  laboratory  to  a  considerable 
extent  in  the  course  of  investigation:  from  the  pure  chloride,  the 


*  See  page  206. 
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carbonate  and  all  other  salts  can  be  conveniently  obtained.  The 
liquid  referred  to  consists  chiefly  of  the  mixed  chlorides  of  manganese 
and  iron  ;  it  is  filtered,  evaporated  to  perfect  dryness,  and  then  slowly 
heated  to  dull  ignition  in  an  earthen  vessel,  with  constant  stirring. 
The  chloride  of  iron  is  thus  either  volatilized  or  converted  by  the  re- 
maining water  into  insoluble  sesquioxide,  while  the  manganese-salt 
is  unaffected.  On  treating  the  greyish-looking  powder  thus  obtained 
with  water,  the  chloride  of  manganese  is  dissolved  out,  and  may  be 
separated  by  filtration  from  the  sesquioxide  of  iron.  Should  a  trace 
of  the  latter  yet  remain,  it  may  be  got  rid  of  by  boiling;  the  liquid  for 
a  few  minutes  with  a  little  carbonate  of  manganese.  The  solution  of 
chloride  has  usually  a  delicate  pink  colour,  which  becomes  very 
manifest  when  the  salt  is  evaporated  to  dryness.  A  strong  solution 
deposits  rose-coloured  tabular  crystals,  wliich  contain  4  equivalents  of 
water;  these  are  very  soluble  and  deliquescent.  The  chloride  is 
fusible  at  a  red-heat,  is  decomposed  slightly  at  that  temperature  by 
contact  of  air,  and  is  dissolved  by  alcohol,  with  which  it  forms  a 
crystallizable  compound. 

Sesquigiiloride,  Mn.jClg. — When  precipitated  sesquioxide  of 
manganese  is  put  into  cold  dilute  hydrochloric  acid,  it  dissolves 
quietly,  forming  a  red  solution  of  sesquichloride.  Heat  disengages 
chlorine,  and  occasions  the  production  of  protochloride. 

Sulphate  of  protoxide  of  manganese,  MnOjSO^-i-THO.— 
A  beautiful  rose-coloured  and  very  soluble  salt,  isomorphous  with 
sulphate  of  magnesia.  It  is  prepared  on  a  large  scale  for  tiie  use  of 
the  dyer,  by  heating,  in  a  close  vessel,  binoxide  of  manganese  and 
coal,  and  dissolving  the  impure  protoxide  thus  obtained  in  sulphuric 
acid,  with  the  addition  of  a  little  hydrochloric  acid  towards  the  end 
of  the  pi-ocess.  The  solution  is  evaporated  to  dryness,  and  again 
exposed  to  a  red-heat,  by  which  the  sulphate  of  sesquioxide  of 
iron  is  decomposed.  Water  then  dissolves  out  the  pure  sulphate  of 
manganese,  leaving  the  sesquioxide  of  iron  behind.  The  salt  is  used 
to  produce  a  pennanent  brown  dye,  the  cloth  steeped  in  the  solution 
being  afterwards  passed  through  a  solution  of  bleaching-powder,  by 
■which  the  protoxide  is  changed  to  insoluble  hydrate  of  the  binoxide. 
Sulphate  of  manganese  sometimes  crystallizes  with  five  equivalents 
of  water.    It  forms  a  double  salt  with  sulphate  of  potassa. 

Carbonate  of  manganese. — Prepared  by  precipitating  the  proto- 
chloride by  an  alkaline  carbonate.  It  is  insoluble  and  butf-coloured, 
or  sometimes  nearly  white.  Exposed  to  heat,  it  loses  carbonic  acid 
and  absorbs  oxygen. 

Manganic  acid,  MnOg. — When  an  oxide  of  manganese  is  fused 
with  an  alkali,  an  additional  quantity  of  oxygen  is  taken  up  from  the 
air,  and  a  deep-green  saline  mass  results,  which  contains  a  salt  of  the 
new  acid,  thus  formed  under  the  influence  of  the  base.    The  addition 
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of  nitre,  or  chlorate  of  potassa,  facilitates  the  productions  of  manganic 
acid.  Water  dissolves  this  compound  very  readily,  and  the  solution, 
concentrated  by  evaporation  in  vacuo,  yields  green  crystals. 

Permanganic  acid,  MU2O7. — When  manganate  of  potassa,  free 
from  any  great  excess  of  alkali,  is  put  into  a  large  quantity  of  water, 
it  is  resolved  into  hydrated  binoxide  of  manganese,  which  subsides, 
and  a  deep-purple  liquid,  containing  pennanganate  of  potassa.  This 
effect  is  accelerated  by  heat.  The  changes  of  colour  accompanying 
this  decomposition  are  very  remarkable,  and  have  procured  for  the 
substance  the  naine  mineral  chameleon;  excess  of  alkali  hinders,  in 
some  measure,  the  reaction,  by  conferring  greater  stability  on  the 
manganate.  Permanganate  of  potassa  is  easily  prepared  on  a  con- 
siderable scale.  Equal  parts  of  very  finely-powdered  binoxide  of 
manganese  and  chlorate  of  potassa  are  mixed  with  rather  more  than 
one  part  of  hydrate  of  potassa  dissolved  in  a  little  water,  and  the 
whole  exposed,  after  evaporation  to  dryness,  to  a  temperature  just 
short  of  ignition.  The  mass  is  ti'eated  with  hot  water,  the  insoluble 
oxide  separated  by  decantation,  and  the  deep-purple  liquid  concern- 
trated  by  heat,  until  crystals  form  upon  its  surface ;  it  is  then  left  to 
cool.  The  crystals  have  a  dark-purple  colour,  and  are  not  very  solu- 
ble in  cold  water.  The  manganates  and  peraianganates  are  decom- 
posed by  contact  with  organic  matter;  the  former  are  said  to  be 
isomorphous  with  the  sulphates,  and  the  latter  with  the  perchlo- 
rates. 


Salts  of  the  protoxide  of  manganese  are  very  easily  distinguished  by 
reagents. 

The  fixed  caustic  alkalis,  and  ammonia,  give  white  precipitates,  in- 
soluble in  excess,  quickly  becoming  brown. 

The  carbonates  of  the  fixed  alkalis,  and  carbonate  of  ammonia,  give 
white  precipitates,  but  little  subject  to  change,  and  insoluble  in  excess 
of  carbonate  of  ammonia. 

Sulphuretted  hydrogen  gives  no  precipitate,  but  sulphide  of  am- 
monium throws  down  insoluble,  flesh-coloured  sulphide  of  manganese, 
which  is  very  characteristic. 

Ferrocyanide  of  potassium  gives  a  white  precipitate. 

Manganese  is  also  easily  detected  by  the  blowpipe ;  it  gives  with 
()orax  an  amethystine  bead  in  the  outer  or  oxidizing  flame,  and  a 
colourless  one  in  the  inner  flame.  Heated  upon  platinum  foil  with 
carbonate  of  soda,  it  yields  a  green  mass  of  manganate  of  soda. 
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This  is  by  very  far  the  most  important  member  of  the  group  of 
metals  under  discussion  :  there  are  few  substances  to  which  it  yields 
in  interest,  when  it  is  considered  how  veiy  intimately  the  know- 
ledge of  the  properties  and  uses  of  iron  is  connected  with  human 
civilization. 

Metallic  iron  is  of  exceedingly  rare  occurrence ;  it  has  been  found 
at  Canaan,  in  Connecticut,*  forming  a  vein  about  two  inches  thick 
in  mica-slate,  but  it  invariably  enters  into  the  composition  of  those 
extraordinary  stones  known  to  fall  from  the  air,  called  meteorites. 
Isolated  masses  of  soft  malleable  iron  also,  of  large  dimensions,  lie 
loose  upon  the  surflice  of  the  earth  in  South  America  and  elsewhere, 
and  are  presumed  to  have  had  a  similar  origin  :  these  latter  contain, 
in  common  with  the  ircin  of  the  undoubted  meteorites,  nickel.  In  an 
oxidized  condition,  the  presence  of  iron  may  be  said  to  be  universal : 
it  constitutes  a  great  part  of  the  common  colouring  matter  of  rocks  and 
soils ;  it  is  contained  in  plants,  and  forms  an  essential  component  of 
the  blood  of  the  animal  body.  In  the  state  of  bisulphide  it  is  also 
very  common.  Pure  iron  may  be  prepared,  according  to  Mitscherlich, 
by  introducing  into  a  Hessian  crucible  4  parts  of  fine  iron  wire  cut 
small,  and  1  part  of  black  oxide  of  iron.  This  is  covered  with  a  mix- 
ture of  white  sand,  lime,  and  carbonate  of  potassa,  in  the  proportions 
used  for  glass-making,  and  a  cover  being  closely  apj)lied,  the  crucible 
is  exposed  to  a  very  high  degree  of  heat.  A  button  of  pure  metal  is 
thus  obtained,  the  traces  of  carbon  and  silicium  present  in  the  wire 
having  been  removed  by  the  oxygen  of  the  oxide. 

Pure  iron  has  a  white  colour  and  perfect  lustre;  it  is  extremely 
soft  and  tough,  and  has  a  specific  gravity  of  7 "8.  The  crystalline  form 
is  probably  the  cube,  to  judge  from  appearances  now  and  then  exhi- 
bited. In  good  bar-iron  or  wire  a  distinct  fibrous  texture  may  always 
be  observed  when  the  metal  has  been  attacked  by  rusting  or  by  the 
application  of  an  acid,  and  upon  the  perfection  of  this  fibre  much  of  its 
strength  and  value  depends.  Iron  is  the  most  tenacious  of  all  the 
metals,  a  wire  ^  of  an  inch  in  diameter  bearing  a  weight  of  601bs 
It  is  very  difficult  of  fusion,  and  before  becoming  liquid  passes  thi'ough 
a  soft  or  pasty  condition.  Pieces  of  iron  pressed  or  hammered  togeth'er 
in  this  state  cohere  into  a  single  mass :  the  operation  is  termed  iveld- 
ing,  and  is  usually  performed  by  sprinkling  a  little  sand  over 
the  heated  metal,  which  combines  with  the  superficial  film  of  oxide, 
foi-ming  a  fusible  silicate,  which  is  subsequently  forced  out  from  be- 
tween the  pieces  of  iron  by  the  pressure  applied ;  clean  surfaces  of 

*  Phillip's  Mineralogy,  fourth  eilit.,p,  208. 
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metal  are  thus  presented  to  each  other,  and  union  takes  place  without 
difficulty. 

Iron  does  not  oxidize  in  dry  air  at  common  temperatures :  heated  to 
redness,  it  becomes  covered  with  a  scaly  coating  of  black  oxide,  and 
at  a  high  white-heat  burns  brilliantly,  producing  the  same  substance. 
In  oxygen  gas  the  combustion  occurs  with  still  greater  ease.  The 
finely-divided  spongy  metal,  prepared  by  reducing  the  red  oxide  by 
hydrogen  gas,  takes  fire  spontaneously  in  the  air.  Pure  water,  free 
from  air  and  carbonic  acid,  does  not  tarnish  a  surface  of  polished' iron 
but  the  combined  agency  of  free  oxygen  and  moisture  speedily  leads  to 
the  production  of  rust,  which  is  a  hydrate  of  the  sesquioxide.  The 
rusting  of  iron  is  wonderfully  promoted  by  the  presence  of  a  little  acid 
vapour.  At  a  red-heat  iron  decomposes  water,  evolving  hydrogen, 
and  passing  into  the  black  oxide.  Dilute  sulphuric  and  hydrochloric 
acids  dissolve  it  freely  with  separation  of  hydrogen.  Iron  is  strongly 
magnetic  up  to  a  red-heat,  when  it  loses  all  traces  of  that  remarkable 
property. 

The  equivalent  of  iron  is  28,  and  its  sjrmbol  Fe. 
Four  compounds  of  iron  and  oxygen  are  described. 

Protoxide  .  .  .  Fe  0 

Sesquioxide  (peroxide)         .  ,  Fe^Oj 

Protosesquioxide  (black  oxide)  .  Fe30^=FeO,Fej03 
Feme  acid    .          .          .  .    Fe  O3. 

Protoxide,  FeO. — This  is  a  very  powerful  base,  neutralizing 
acids  completely,  and  isomorphous  with  magnesia,  oxide  of  zinc,  &c. 
It  is  almost  unknown  in  a  separate  state,  fi'om  its  extreme  proneness 
to  absorb  oxygen  and  pass  into  the  sesquioxide.  When  a  salt  of  this 
substance  is  mixed  with  caustic  alkali  or  ammonia,  a  bulky  whitish 
precipitate  of  hydrate  of  the  protoxide  falls,  which  becomes  nearly 
black  when  boiled,  the  water  being  separated.  This  hydrate  ex- 
posed to  the  air,  very  rapidly  changes,  becoming  green  and  ultimately 
red-brown.  The  soluble  salts  of  protoxide  of  iron  have  commonly  a 
delicate  pale-green  colour,  and  a  nauseous  metallic  taste. 

Sesquioxide,  Fe203. — A  feeble  base,  isomorphous  with  alumina. 
Sesquioxide  of  iron  occurs  native,  most  beautifully  crystallized  as 
specular  iron  ore  in  the  island  of  Elba,  and  elsewhere ;  also  as  i-ed 
and  brown  hcEmatites,  the  latter  being  a  hydrate.  It  is  artificially 
prepai-ed  by  pi-ecipitating  a  solution  of  sulphate  of  the  sesquioxide  or 
the  sesquichloride  of  iron  by  excess  of  ammonia,  and  washing,  diying, 
and  igniting  the  yellowish-brown  hydrate  thus  produced :  fixed 
alkali  must  not  be  used  in  tliis  operation,  as  a  portion  is  refciined  by 
the  oxide.  In  fine  powder,  this  oxide  has  a  full  red  colour,  and  is 
used  as  a  pigment,  being  prepared  for  the  purpose  by  calcination  of 
the  sulphate  of  the  protoxide ;  the  tint  varies  somewhat  with  the  temper- 
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ature  to  which  it  has  heen  exposed.  This  oxide  is  unaltered  in  the  fire, 
although  easily  reduced  at  a  high  temperature  by  carbon  or  hydrogen. 
It  dissolves  in  acids,  with  difficulty  after  strong  ignition,  forming  a 
series  of  reddish  salts,  which  have  an  acid  reaction  and  an  astringent 
taste.    Sesquioxide  of  iron  is  not  acted  upon  by  the  magnet. 

Black  oxide  ;  magnetic  oxide  ;  loadstone,  Fe304,  or  probably 
FeO  +  FejOg.— A  natural  product,  one  of  the  most  valuable  of  the 
iron  ores,  often  foimd  in  regular  octahedral  crystals,  which  are  mag- 
netic. It  may  be  prepared  by  mixing  due  proportions  of  salts  of  the 
protoxide  and  sesquioxide  of  iron,  precipitating  them  by  excess  of 
alkali,  and  then  boiling  the  mixed  hydi-ates,  when  the  latter  imite  to 
a  black  sandy  substance,  consisting  of  minute  crystals  of  the  magnetic 
oxide.  This  oxide  is  the  chief  product  of  the  oxidation  of  iron  at  a 
high  temperature  in  the  air  and  in  aqueous  vapour.  It  is  incapable 
of  forming  salts. 

Ferric  acid,  FeOs. — A  very  remarkable  compound  of  recent  dis- 
covery. The  simplest  mode  of  preparing  it  is  to  heat  to  full  redness, 
for  an  hour,  in  a  covered  crucible,  a  mixture  of  one  part  of  pure  ses- 
quioxide of  iron,  and  foiu*  parts  of  dry  nitre.  The  brown,  porous, 
deliquescent  mass  is  treated  when  cold  with  ice-cold  water,  by  which 
a  deep  amethystine  red  solution  of  ferrate  of  potassa  is  obtained. 
This  gi-adually  decomposes  even  in  the  cold,  evolving  oxygen  gas,  and 
depositing  sesquioxide ;  by  heat  the  decomposition  is  very  rapid.  The 
solution  of  ferrate  of  potassa  gives  no  precipitate  with  salts  of  lime, 
magnesia,  or  strontia,  but  when  mixed  with  one  of  baryta,  a  deep 
crimson,  insoluble  compound  falls,  which  is  a  fen-ate  of  that  base,  and 
is  very  permanent. 

Protochloride  of  iron,  FeCl. — Formed  by  transmitting  dry 
hydrochloric  acid  gas  over  red-hot  metallic  iron,  or  by  dissolving  iron 
in  hydrochloric  acid.  The  latter  solution  yields,  when  duly  concen- 
trated, green  crystals  of  the  protochloride,  containing  4  equivalents  of 
water ;  they  are  very  soluble  and  deliquescent,  and  rapidly  oxidize  in 
the  air. 

Sesqdichloride  of  iron,  FejCla. — Usually  prepared  by  dissolv- 
ing sesquioxide  in  hydrochloric  acid.  The  solution,  evaporated  to  a 
syrupy  consistence,  deposits  red,  hydrated  ciystals,  which  are  very 
soluble  in  water  and  alcohol.  It  forms  double  salts  with  chloride  of 
potassium  and  sal-ammoniac.  When  evaporated  to  dryness  and  strongly 
heated,  much  of  the  chloride  is  decomposed,  yielding  sesquioxide  and 
hydrochloric  acid :  the  remainder  sublimes,  and  afterwards  condenses 
in  the  form  of  small  brilliant  red  crystals,  which  deliquesce  rapidly. 
The  solution  of  sesquichloride  of  iron  is  capable  of  dissolving  a  large 
excess  of  recently-precipitated  hydi-ate  of  the  sesquioxide,  by  which  it 
acquires  a  much  darker  colour.  Anhydrous  sesquichloride  of  iron  is 
also  produced  by  the  action  of  chlorine  upon  the  heated  metal. 

Protiodide  of  iron,  Fel.— This  is  an  important  medicinal 
preparation;  it  is  easily  made  by  digesting  iodine  with  water  and 
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metallic  iron.  The  solution  is  pale  green,  and  yields,  on  evaporation, 
crystals  resembling  those  of  the  chloride,  which  rapidly  oxidize  on 
exposm-e  to  air.  It  is  best  preserved  in  solution  in  contact  with 
excess  of  iron.  A  sesqui-iodide  of  iron  exist,  which  is  yellowish-red 
and  soluble. 

Sulphides  op  iron.— Several  compounds  of  iron  and  sulphur 
are  described :  of  these  the  two  most  important  are  the  foUowino-. 
Protosulphide,  FeS,  is  a  blackish,  brittle  substance,  attracted  by  the 
magnet,  formed  by  heating  together  iron  and  sulphur.  It  is  dissolved 
by  dilute  acids  with  evolution  of  sulphuretted  hydrogen  gas  and  is 
constantly  employed  for  that  purpose  in  the  laboratory,  being  made  by 
projecting  into  a  red-hot  crucible  a  mixture  of  2^  parts  of  sulphur  and 
4  parts  of  iron  filings  or  borings  of  cast-iron,  and  excluding  the  air  as 
much  as  possible.  The  same  substance  is  formed  when  a  bar  of 
white-hot  iron  is  brought  in  contact  with  sulphur.  The  bisuljMde  of 
iron,  FeSj,  iron  pyrites,  is  a  natm-al  product,  occurring  in  rocks  of 
all  ages,  and  evidently  formed  in  many  cases  by  the  gradual  de- 
oxidation  of  sulphate  of  iron  by  organic  matter.  It  has  a  brass-yellow 
colour,  is  very  hard,  not  attracted  by  the  magnet,  and  not  acted  upon 
by  dilute  acids.  Exposed  to  heat,  sulphur  is  expelled,  and  an  inter- 
mediate sulphide,  analogous  probably  to  the  black  oxide,  is  produced. 
This  substance  also  occurs  native,  under  the  name  of  magnetic  pyrites. 
The  bisulphide  is  sometimes  used  in  the  manufacture  of  sulphuric 
acid. 

Compounds  of  iron  with  phosphorus,  carbon,  and  silicium  exist, 
but  little  is  known  respecting  them  in  a  definite  state.  The  carbide 
is  contained  in  cast-iron  and  in  steel,  to  which  it  communicates  ready 
fusibility  ;  the  silicium-compound  is  also  found  in  cast-iron.  Phos- 
phorus is  a  very  hurtful  substance  in  bar-iron,  as  it  renders  it  brittle 
or  cold-short. 

Sulphate  of  protoxide  of  iron  ;  green  vitriol,  FeO,S03-)- 
7H0. — This  beautiful  and  important  salt  may  be  obtained  by  directly 
dissolving  iron  in  dilute  sulphuric  acid ;  it  is  generally  prepared, 
however,  and  that  on  a  very  large  scale,  by  contact  of  air  and  mois- 
tui'e  with  common  iron  pyrites,  which,  by  absorption  of  oxygen, 
readily  furnishes  the  substance  in  question.  Heaps  of  this  material 
are  exposed  to  the  air  until  the  decomposition  is  sufficiently  advanced  ; 
the  salt  produced  is  then  dissolved  out  by  water,  and  the  solution 
made  to  crystallize.  It  forms  large  green  crystals,  of  the  composition 
above  stated,  which  slowly  effloresce  and  oxidize  in  the  air;  it  is 
soluble  in  about  twice  its  weight  of  cold  water.  Crystals  containing 
4,  and  also  2  equivalents  of  water,  have  been  obtained.  Sulphate 
of  protoxide  of  iron  forms  double  salts  with  the  sulphates  of  potassa 
and  ammonia. 

Sulphate  of  sesquioxide  of  iron,  Fe203,3S03. — Prepared  by 
adding  to  a  solution  of  the  protosalt  exactly  one-half  as  much  sulphuric 
acid  as  it  already  contains,  raising  the  liquid  to  the  boiling-point,  and 
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then  dropping  in  nitric  acid  until  the  solution  ceases  to  blacken  by 
such  addition.  The  red  liquid  thus  obtained  furnishes,  on  evapora- 
tion to  dryness,  a  buff-coloured  amorphous  mass,  which,  when  put 
into  water,  very  slowly  dissolves.  With  the  sulphates  of  potassa  and 
ammonia,  this  salt  yields  compounds,  having  the  form  and  constitution 
of  the  alums ;  the  ciystals  are  nearly  destitute  of  colour.  These 
latter  are  decomposed  by  water,  and  sometimes  by  long  keeping  when 
in  a  dry  state.  They  are  best  prepared  by  exposing  to  spontaneous 
evaporation  a  solution  of  sulphate  of  sesquioxide  of  iron,  to  which  sul- 
phate of  potassa  or  of  ammonia  has  been  added. 

Nitrate  of  the  protoxide  op  iron,  FeOjNOj. — When  dilute 
cold  nitric  acid  is  made  to  act  to  saturation  upon  protosulphide  of 
iron,  and  the  solution  evaporated  in  vacuo,  pale-green  and  very 
soluble  crystals  of  protonitrate  are  obtained,  which  are  very  subject 
to  alteration.  The  nitrate  of  the  sesquioxide  is  readily  fonned  by 
pouring  nitric  acid,  slightly  diluted,  upon  iron ;  it  is  a  deep-red 
liquid,  apt  to  deposit  an  insoluble  basic  salt,  and  is  used  in  dyeing. 

Carbonate  OF  protoxide  of  iron,  FeOfiO^. —  The  white  preci- 
pitate obtained  by  mixing  solutions  of  protosalt  of  iron  and  alkaline 
carbonate  :  it  cannot  be  washed  and  dried  without  losing  carbonic 
acid  and  absorbing  oxygen.  This  substance  occurs  in  nature  as 
spathose  iron  ore,  associated  with  variable  quantities  of  carbonate  of 
lime  and  of  magnesia ;  and  also  in  the  common  clay  iron-stone,  from 
which  nearly  all  the  British  iron  is  made.  It  is  often  found  in 
mineral  waters,  being  soluble  in  excess  of  carbonic  acid  ;  such  waters 
ai'e  known  by  the  rusty  matter  they  deposit  by  exposure  to  the  aii-. 
No  carbonate  of  the  sesquioxide  is  known. 

The  phosphates  of  ii'on  are  all  insoluble. 


Salts  of  the  protoxide  of  iron  are  thus  distinguished : — 

Caustic  alkalis,  and  ammonia,  give  nearly  white  precipitates,  inso- 
luble in  excess  of  the  reagent,  rapidly  becoming  green,  and  ultimately 
brown,  by  exposure  to  air. 

Alkaline  carbonates,  and  carbonate  of  ammonia,  throw  down  the 
white  carbonate,  also  very  subject  to  change. 

Sulphuretted  hydrogen  gives  no  precipitate,  but  sulphide  of  am- 
monium throws  down  black  protosuljihide  of  iron,  soluble  in  dilute 
acids. 

FeiTocyanide  of  potassium  gives  a  neai-ly-white  precipitate,  becom- 
ing deep  blue  on  exposure  to  air. 

Salts  of  the  sesquioxide  are  thus  characterized : — 

Caustic  alkalis,  and  ammonia,  give  foxy-red  precipitates  of  hydrated 
sesquioxide,  insoluble  in  excess. 

The  carbonates  behave  in  a  similar  manner,  the  carbonic  acid 
escaping. 
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Sulphuretted  hydrogen  gives  a  nearly  white-precipitate  of  sulphur, 
and  reduces  the  sesquioxide  to  protoxide. 

Sulphide  of  ammonium  gives  a  black  precipitate,  slightly  soluble  in 
excess. 

FeiTocyanide  of  potassium  yields  Prussian  blue. 
Tincture  or  infusion  of  gall-nuts  strikes  intense  bluish-black  with 
the  most  dilute  solutions  of  salts  of  sesquioxide  of  iron. 


Iron  Manufacture. — This  most  important  branch  of  industry  con- 
sists, as  now  conducted,  of  two  distinct  parts ;  viz.,  the  production  from 
the  ore  of  a  fusible  (carbide)  of  iron,  and  the  subsequent  decomposi- 
tion of  the  carbide,  and  its  conversion  into  pm-e  or  malleable  iron. 


ng.  145. 


The  clay  iron  ore  is  found  in  association  with  coal,  forming  thin 
beds  or  nodules  :  it  consists,  as  already  mentioned,  of  carbonate  of 
iron  mixed  with  clay;  sometimes  lime  and  magnesia  are  also  present. 
It  is  broken  in  pieces,  and  exposed  to  heat  in  a  furnace  resembling  a 
lime  kiln,  by  which  the  water  and  carbonic  acid  are  expelled,  and  the 
ore  rendered  dark-coloured,  denser,  and  also  magnetic ;  it  is  tlien  ready 
for  reduction.    The  furnace  in  which  this  operation  is  performed  is 
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usually  of  very  large  dimensions,  fifty  feet  or  more  in  height,  and  con- 
structed of  brickwork  with  great  solidity,  the  interior  being  lined  with 
excellent  fire-bricks :  the  figure  will  be  at  once  understood  from  the 
sectional  drawing.  The  furnace  is  close  at  the  bottom,  the  fire  being 
maintained  by  a  powerful  artificial  blast  introduced  by  two  or  three 
tuyere-pipes,  "as  shown  in  the  section.  The  materials,  consisting  of 
due  proportions  of  coke  or  carbonized  coal,  roasted  ore,  and  limestone, 
are  constantly  supplied  from  the  top,  the  operation  proceeding  conti- 
nuously night  and  day,  often  foi-  years,  or  uutil  the  furnace  is  judged 
to  require  repair.  In  the  upper  part  of  the  furnace,  where  the  temper- 
ature is  still  very  high,  and  where  combustible  gases  abound,  the  iron 
of  the  ore  is  probably  reduced  to  the  metallic  state,  being  disseminated 
through  the  earthy  matter  of  the  ore.  As  the  whole  sinks  down  and 
attains  a  still  higher  degree  of  heat,  the  iron  becomes  converted  into 
carbide  by  cementation,  while  the  silica  and  alumina  unite  with 
the  lime,  purposely  added,  to  a  kind  of  glass  or  slag,  nearly  free  from 
oxide  of  iron.  The  carbide  and  slag,  both  in  a  melted  state,  reach  at 
last  the  bottom  of  the  fui'nace,  where  they  arrange  themselves  in  the 
order  of  their  densities  :  the  slag  flows  out  at  certain  apertures  con- 
ti'ived  for  the  purpose,  and  the  iron  is  discharged  from  time  to  time, 
and  sufiered  to  run  into  rude  moulds  of  sand  by  opening  an  orifice 
at  the  bottom  of  the  recipient,  previously  stopped  witli  clay.  Such 
is  the  origin  of  crude  or  cast-iron,  of  which  there  are  several  varieties, 
distinguislied  by  difierences  of  colour,  hardness,  and  composition,  and 
known  by  the  names  of  grey,  black,  and  white  iron.  The  first  is  for 
most  purposes  the  best,  as  it  admits  of  being  filed  and  cut  with  pei'- 
fect  ease.  The  black  and  grey  kinds  probably  contain  a  mechanical 
admixture  of  gi-aphite,  which  separates  during  solidification. 

A  gi-eat  improvement  has  been  made  in  the  above-described  pro- 
cess, by  substituting  raw  coal  for  coke,  and  blowing  liot  air,  instead  of 
cold,  into  the  furnace.  This  is  eifected  by  causing  the  air,  on  leaving 
the  blowing-machine,  to  circulate  through  a  system  of  red-hot  iron 
pipes,  until  its  temperature  becomes  high  enough  to  melt  lead.  This 
alteration  has  already  eifected  a  prodigious  saving  in  fuel,  without,  it 
appears,  any  injury  to  the  quality  of  the  product. 

The  conversion  of  cast  into  bar  iron  is  eifected  by  an  operation 
called  puddling ;  previous  to  which,  however,  it  commonly  undergoes 
a  process,  the  theory  of  whicli  is  not  perfectly  intelligible.  It  is  re- 
melted,  and  suddenly  cooled,  by  which  it  becomes  white,  crystalline, 
and  exceedingly  hard  ;  in  this  state  it  is  called  fine  metal.  The 
puddling  process  is  conducted  in  an  ordinary  reverberatory  furnace, 
into  which  the  charge  of  fine-metal  is  introduced  by  a  side  aperture! 
This  is  speedily  melted  by  the  flame,  and  its  surface  covered  with  a 
crust  of  oxide.  The  workman  then  by  the  aid  of  an  iron  tool,  dili- 
gently stirs  the  melted  mass,  so  as  intimately  to  mix  the  oxide  with 
the  metal ;  he  now  and  then  also  throws  in  a  little  water,  with  the 
view  of  promoting  more  rapid  oxidation.    Small  jets  of  blue  flame 
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soon  appear  upon  the  surface  of  the  iron,  and  the  latter,  after  a  time, 
begins  to  lose  its  fluidity,  and  acquires  in  succession,  a  pasty  and  a 
granular  condition.  At  this  point  the  fire  is  strongly  urged,  the 
sandy  particles  once  more  cohere,  and  the  contents  of  the  furnace 
now  admit  of  being  formed  into  several  large  balls  or  masses,  which 
ai-e  then  withdrawn,  and  placed  under  an  immense  hammer,  moved 
by  machinery,  by  which  each  becomes  quickly  fashioned  into  a  rude 
bar.  This  is  re-heated,  and  passed  between  grooved  cast-iron  rollers, 
and  drawn  out  into  a  long  bar  or  rod.  To  make  the  best  iron,  the 
bar  is  cut  mto  a  number  of  pieces,  which  are  afterwards  piled  or  bound 
together,  again  raised  to  a  welding  heat,  and  hammered  or  rolled  into 
a  single  bar;  and  this  process  of  piling  ov  fagoting  is  sometimes  twice 
or  thrice  repeated,  the  iron  becoming  greatly  improved  thereby. 

The  general  nature  of  tlie  change  in  the  puddling  furnace  is  not 
difficult  to  explain.  Cast-iron  consists  essentially  of  u-on  in  combina- 
tion with  carbon  and  sihcium.  When  strongly  heated  with  oxide  of 
iron,  those  compounds  undergo  decomposition,  the  carbon  and  silicium 
becoming  oxidized  at  the  expense  of  the  oxygen  of  the  oxide.  As 
this  change  takes  place,  the  metal  gradually  loses  its  fusibility,  but 
retains  a  certain  degree  of  adhesiveness,  so  that  when  at  last  it  comes 
under  the  tilt-hammer,  or  between  the  rollers,  the  particles  of  iron 
become  agglutinated  into  a  solid  mass,  while  the  readily-fusible  sihcate 
of  the  oxide  is  squeezed  out  and  separated. 

All  these  processes  are,  in  Great  Britain,  performed  with  coal  or 
coke,  but  the  iron  obtained  is,  in  many  respects,  inferior  to  that  made 
in  Sweden  and  Russia  from  the  magnetic  oxide,  by  the  use  of  wood 
charcoal,  a  fuel  too  dear  to  be  extensively  employed  in  England. 
Plate-iron  is,  however,  sometimes  made  with  charcoal. 

Steel. — A  very  remarkable,  and  most  useful  substance,  prepared  by 
heating  iron  in  contact  with  charcoal.  Bars  of  Swedish  iron  are  im- 
bedded in  charcoal  powder,  contained  in  a  large  rectangular  crucible 
or  chest  of  some  substance  capable  of  resisting  the  fire,  and  exposed 
for  many  hours  to  a  full  red-heat.  The  iron  takes  up,  xmder  these 
circumstances,  fi'om  1*3  to  1*7  per  cent,  of  carbon,  becoming  harder, 
and  at  the  same  time  fusible,  with  a  certain  diminution,  however,  of 
malleability.  The  active  agent  in  this  cementation  process  is  pro- 
bably carbonic  oxide;  the  oxygen  of  the  air  in  the  crucible  combines 
with  the  carbon,  to  form  that  substance,  which  is  afterwards  decom- 
posed by  the  heated  iron,  one-half  of  its  carbon  being  abstracted  by 
the  latter.  The  carbonic  acid  thus  formed  takes  up  an  additional 
dose  of  carbon  from  the  charcoal,  and  again  becomes  carbonic  oxide, 
the  oxygen,  or  rather  the  carbonic  acid,  acting  as  a  carrier  between 
the  charcoal  and  the  metal.  The  product  of  this  operation  is  called 
blistered  steel,  from  the  blistered  and  rough  appearance  of  the  bai's : 
the  texture  is  afterwai-ds  improved  and  equalized  by  welding  a  num- 
ber of  these  bars  together,  and  drawing  the  whole  out  under  a  light 
tilt-hammer. 
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The  most  perfect  kind  of  steel  is  that  which  has  undergone  fusion, 
having  been  cast  into  ingot-moulds,  and  afterwards  hammered :  of 
this  all  fine  cutting  instruments  are  made ;  it  is  difficult  to  forge, 
requiring  great  skill  and  care  on  the  part  of  the  operator. 

Steel  may  also  be  made  directly  from  some  particular  varieties  of 
cast-li-on,  as  that  from  spathose  iron  ore,  containing  a  little  manganese. 
The  metal  is  retained,  in  a  melted  state,  in  the  hearth  of  a  furnace, 
while  a  stream  of  air  plays  upon  it,  and  causes  partial  oxidation  ;  the 
oxide  produced  reacts,  as  before  stated,  on  the  carbon  of  the  iron, 
and  withdraws  a  portion  of  that  element.  When  a  proper  degree  of 
stiffness  or  pastiness  is  observed  in  the  residual  metal,  it  is  with- 
drawn, and  hammered  or  rolled  into  bars.  The  wootz,  or  native  steel 
of  India,  is  probably  made  in  this  manner.  Annealed  cast-iron, 
sometimes  called  run-steel,  is  now  much  employed  as  a  substitute  for 
the  more  costly  products  of  the  forge  :  the  articles,  when  cast,  are 
imbedded  in  powdered  iron  ore,  or  some  earthy  material,  and,  after 
being  exposed  to  a  moderate  red-heat  for  some  time,  are  allowed 
slowly  to  cool,  by  which  a  very  extraordinary  degree  of  softness  and 
malleability  is  attained.  It  is  very  possible  that  some  little  decar- 
bonization  may  take  place  during  this  process. 

The  most  remarkable  property  of  steel  is  that  of  becoming  exceed- 
ingly hard  when  quickly  cooled.  When  heated  to  redness,  and  sud- 
denly quenched  in  cold  water,  steel,  in  fact,  becomes  capable  of 
scratching  glass  with  facility ;  if  re-heated  to  redness,  and  once  more 
left  to  cool  slowly,  it  again  becomes  nearly  as  soft  as  ordinary  iron ; 
and  between  these  two  conditions,  any  required  degree  of  hardness 
may  be  attained.  The  articles,  forged  into  shape,  are  first  hardened 
in  the  manner  described ;  they  are  then  tempered,  or  let  down,  by  ex- 
posure to  a  proper  degree  of  annealing  heat,  which  is  often  judged  of 
by  the  colour  of  the  thin  film  of  oxide  which  appeai-s  on  the  polished 
surface.  Thus,  a  temperature  of  about  430°  (221°C),  indicated  by 
a  faint  straw-colour,  gives  the  proper  temper  for  razors ;  that  for 
scissors,  pen-knives,  &c.,  will  be  comprised  between  470°  (243°C) 
and  490°  (254°C),  and  be  attended  by  a  full-yellow  or  brown  tint. 
Swords  and  watch-springs  require  to  be  softer  and  more  elastic,  and 
must  be  heated  to  550°  (288°G)  or  560°  (293°C),  or  until  the  surface 
becomes  deep  blue.  Attention  to  these  colours  has  now  become  of 
less  importance,  as  metal  baths  are  often  substituted  for  the  open  fire 
in  this  operation. 
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CHROMIUM. 

Chromium  is  found  in  the  state  of  oxide,  in  combination  with  oxide 
of  iron,  in  some  abundance  in  the  Shetland  Islands,  and  elsewhere  • 
as  chromate  of  lead  it  constitutes  a  very  beautiful  mineral,  from' 
which  it  was  first  obtained.  The  metal  itself  is  got  in  a  half-fused 
condition  by  mixing  the  oxide  with  1  of  its  weight  of  charcoal-powder, 
enclosing  the  mixture  in  a  crucible  lined  with  charcoal,  and  then  sub^ 
jecting  it  to  the  very  highest  heat  of  a  powerful  furnace.  It  is  hard, 
greyish-white,  and  brittle  ;  of  5  •  9  specific  gravity,  and  esceedino-ly 
difficult  of  fusion.  Chromium  is  but  little  oxidable,  being  scarcely 
attacked  by  the  most  powerful  acids  :  it  forms  at  least  four  compounds 
with  oxygen,  corresponding  to,  and  probably  isomorphous  with,  those 
of  iron. 

The  equivalent  of  chromium  is  26-7 ;  its  symbol  is  Cr. 

Protoxide  of  chromium,  CrO.— When  potassa  is  added  to  a 
solution  of  the  protochloride  of  chromium,  a  brown  precipitate  falls, 
which  speedily  passes  to  deep  foxy-red,  with  disengagement  of  hydro- 
gen. The  protoxide,  in  the  state  of  the  pale-greenish  hydrate,  is  per- 
haps obtained  when  ammonia  is  substituted  for  potassa  in  the  preceding 
experiment.  This  substance  is  a  powerful  base,  forming  pale-blue 
salts,  which  absorb  oxygen  with  extreme  avidity.  The  double  sulphate 
of  protoxide  of  chromium  and  potassa  contains  6  eq.  of  water,  lilie  the 
other  members  of  the  same  gi'oup. 

Protosesquioxide  of  chromium,  CrO-l-Cr^Og,  is  the  above 
brownish-red  precipitate  produced  by  the  action  of  water  upon  the 
protoxide.  The  decomposition  is  not  complete  without  boiling.  This 
oxide  corresponds  with  the  magnetic  oxide  of  iron,  and  is  not  salifi- 
able. 

Sesqdioxide  of  chromium,  CrgOg. — When  chromate  of  mercury, 
prepai'ed  by  mixing  solutions  of  the  nitrate  of  suboxide  of  mercury  and 
of  chromate  or  bichromate  of  potassa,  is  exposed  to  a  red-heat,  it  is 
decomposed,  pure  sesquioxide  of  chromium  having  a  fine  green  colour 
remaining.  In  this  state  the  oxide  is,  like  alumina  after  ignition,  in- 
soluble in  acids.  From  a  solution  of  sesquioxide  of  chromium  in  potassa 
or  soda,  green  gelatinous  hydrated  sesquioxide  of  chromium  is  sepa- 
rated on  standing.  When  finely  powdered  and  diied  over  sulphuric 
acid,  its  formula  is  Cr203-t-6HO.  A  hydrate  may  also  be  had  by 
boiling  a  somewhat  dilute  solution  of  bichromate  of  potassa,  strongly 
acidulated  by  hydrochloric  acid,  with  small  successive  portions  of 
sugar  or  alcohol.  In  the  former  case,  carbonic  acid  escapes ;  in  the 
latter  a  substance  called  aldehyde  and  also  acetic  acid  are  formed,  sub- 
stances with  which  we  shall  become  acquainted  in  organic  chemistry ; 
and  the  chromic  acid  of  the  salt  becomes  converted  into  sesquichloride 
of  chromium,  the  colour  of  the  Mquid  changing  from  red  to  deep 
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ereen.  A  slight  excess  of  ammonia  precipitates  the  hydrate  from 
this  sohition.  It  has  a  pale  purplish-green  colour,  which  becomes 
full  green  on  ignition:  an  extraordinary  shrinking  of  volume  and 
sudden  incandescence  are  observed  when  the  hydrate  is  decomposed  by 
heat.  Anhydrous  sesquioxide  in  a  beautifully-crystalline  condition 
may  be  prepared  by  heating  to  full  redness  in  an  earthen  crucible 
bichromate  of  potassa.  One-half  of  the  acid  suffers  decomposition, 
oxygen  being  disengaged,  and  oxide  of  chromium  left.  The  melted 
mass  is  then  treatecl  with  water,  which  dissolves  out  neutral  chromate 
of  potassa,  and  the  oxide  is,  lastly,  washed  and  dried.  Sesquioxide 
of  chromium  communicates  a  fine  green  tint  to  glass,  and  is  used  in 
enamel-painting. 

The  sesquioxide  of  chromium  is  a  feeble  base,  resembling,  and 
isomorphous  with,  sesquioxide  of  iron  and  alumina:  the  salts  it  forms 
have  a  green  or  purple  colour,  and  are  said  to  be  poisonous. 

The  sulphate  of  sesquioxide  of  chromium  is  prepared  by  dissolving 
the  hydrated  oxide  in  dilute  sulphuric  acid.  It  unites  with  the  sul- 
phates of  potassa  and  of  ammonia,  giving  rise  to  magnificent  salts 
which  crystallize  in  regulai-  octahedrons  of  a  deep-claret  colour,  and 
possess  a  constitution  resembling  that  of  common  alum,  the  alumina 
being  replaced  by  sesquioxide  of  chromium.  The  finest  crystals  of 
chromium-alum  are  obtained  by  spontaneous  evajDoration,  the  solution 
being  apt  to  be  decomposed  by  heat. 

Protochloride  of  chromium,  CrCl. — The  violet-coloured  sesqui- 
chloride  of  chromium,  contained  in  a  porcelain  or  glass  tube,  is  heated 
to  redness  in  a  current  of  perfectly  dry  and  pure  hydrogen  gas ; 
hydrochloric  acid  is  disengaged,  and  a  white  foliated  mass  is  obtained, 
which  dissolves  in  water  with  great  elevation  of  temperature,  yielding 
a  blue  solution,  which,  by  exposure  to  the  air,  absorbs  oxygen  with 
extraordinary  energy,  acquiring  a  deep-green  colour,  and  passing  into 
the  state  of  oxychioride  of  chromium,  2Cr2Cl3,Cr203.  The  proto- 
chloride of  chromium  is  one  of  the  most  powerful  reducing  or  de- 
oxidizing agents  known. 

Sesquichloride  of  chromium,  CrjClg.— This  substance  is  readily 
obtained  in  the  anhydrous  condition  by  heating  to  redness  in  a  porce- 
lain tube  a  mixture  of  sesquioxide  of  chromium  and  charcoal,  and 
passing  dry  chlorine  gas  over  it.  The  sesquichloride  sublimes,  and 
is  deposited  in  the  cool  part  of  the  tube,  in  the  form  of  beautiful 
crystalline  plates  of  a  pale  violet-colour.  According'  to  M.  Peligot, 
it  is  totally  insoluble  in  water  under  ordinary  circumstances,  even  at 
a  boiling  heat.  It  dissolves,  however,  and  assumes  the  deep-o-reen 
hydrated  state  in  water  containing  an  exceedingly  minute  quantity 
of  the  protochloride  m  solution.  The  hydration  is  marked  by  the 
evolution  of  much  heat.  This  remarkable  effect  must  probably  be 
referred  to  the  class  of  actions  known  at  present  under  the  name  of 
katalysis.* 

*  See  page  211. 
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The  salts  of  the  sesquioxide  of  chromium  are  easily  recognized. 
Caustic  alkalis  precipitate  the  hydrated  oxide,  easily  soluble  in 
excess. 

Ammonia,  the  same,  but  nearly  insoluble. 

Carbonate  of  potassa,  soda,  and  ammonia,  throw  down  a  green  pre- 
cipitate of  carbonate  and  hydrate,  slightly  soluble  in  a  large  excess. 
Sulphuretted  hydrogen  causes  no  change. 

Sulphide  of  ammonium  precipitates  the  hydrate  of  the  sesquioxide. 

Chromic  acid,  CrOa. — Whenever  sesquioxide  of  chromium  is 
strongly  heated  with  an  alkali,  in  contact  with  air,  oxygen  is  absorbed 
and  chromic  acid  generated.  Chromic  acid  may  be  obtained  nearly 
pure,  and  in  a  state  of  great  beauty,  by  the  following  simple  process  : — 
100  measures  of  a  cold  saturated  solution  of  bichromate  of  potassa  are 
mixed  with  150  measures  of  oil  of  vitriol,  and  the  whole  suffered  to 
cool.  The  chromic  acid  ciystallizes  in  brilliant  crimson-red  prisms  : 
the  mother-liquor  is  poured  off,  and  the  crystals  placed  upon  a  tile  to 
drain,  being  closely  covered  by  a  glass  or  bell-jar.*  Chromic  acid  is 
very  deliquescent  and  soluble  in  water ;  the  solution  is  instantly  re- 
duced by  contact  with  organic  matter. 

Chromate  of  Potassa,  K0,Cr03.— This  is  the  source  of  all  the 
preparations  of  chromium  :  it  is  made  directly  fi'om  the  native  chrome- 
iron  ore,  which  is  a  compound  of  the  sesquioxide  of  chromium  and 
protoxide  of  iron,  analogous  to  macjnetic-iron  ore,  by  calcination  with 
nitre  or  with  carbonate  of  potassa,  the  stone  being  reduced  to  powder, 
and  heated  for  a  long  time  with  the  alkali  in  a  reverberatory  funiace. 
The  product,  when  treated  with  water,  yields  a  yellow  solution,  which, 
by  evaporation,  deposits  anhydrous  crystals  of  the  same  colour,  isomor- 
phous  with  sulphate  of  potassa.  Chromate  of  potassa  has  a  cool, 
bitter,  and  disagi-eeable  taste,  and  dissolves  in  2  parts  of  water  at 
60°  (IS^-SC). 

Bichromate  of  Potassa,  KO,2Cr03.— When  sulphuric  acid  is  added 
to  the  preceding  salt  in  moderate  quantity,  one-half  of  the  base  is 
removed,  and  the  neutral  chromate  converted  into  bichromate.  The 
new  salt,  of  which  immense  quantities  are  manufactured  for  use  in 
the  arts,  crystallizes  by  slow  evaporation  in  beautiful  red  tabular 
crystals,  derived  from  an  oblique  rhombic  prism.  It  melts  when 
heated,  and  is  soluble  in  10  parts  of  water,  and  the  solution  has  an 
acid  reaction. 

Chromate  of  Lead,  PbO,Cr03.— On  mixing  solution  of  chronoate 
or  bichromate  of  potassa  with  nitrate  or  acetate  of  lead,  a  brilliant 
yellow  precipitate  falls,  which  is  the  compound  in  question ;  it  is  the 
chrome-yellow  of  the  painter.  When  this  compound  is  boiled  with 
lime-water,  one-half  of  the  acid  is  withdrawn,  and  a  subchromate  of 
an  orange-red  colour  left.  The  subchromate  is  also  formed  by  adding 
chromate  of  lead  to  fused  nitre,  and  afterwards  dissolving  out  the 

*-  Mr.  Warington ;  Proceedings  of  Chem.  Soc.  i.  18. 
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soluble  salts  by  water ;  the  product  is  crystalline,  and  rivals  vermilion 
in  beauty  of  tint.  The  yellow  and  orange  chrome-colours  are  fixed 
upon  cloth  by  the  alternate  application  of  the  two  solutions,  and  in 
the  latter  case  by  passing  the  dyed  stuff  through  a  bath  of  boiling 
lime-water. 

Chromate  of  Silver,  AgO,Cr03.— This  salt  precipitates  as  a  reddish- 
brown  powder  when  solutions  of  chromate  of  potassa  and  nitrate  of 
silver  are  mixed.  It  dissolves  in  hot  dilute  nitric  acid,  and  separates, 
on  cooling,  in  small  ruby-red  platy  crystals.  The  chromates  of  baryta, 
zinc,  and  mercury  are  insoluble  ;  the  first  two  are  yellow,  the  last  is 
brick-red. 

Perchromic  Acid  is  obtained,  according  to  Barreswill,  by  mixing 
chromic  acid  with  dilute  binoxide  of  hydrogen  or  bichromate  of 
potassa  with  a  dilute  but  very  acid  solution  of  binoxide  of  barium  in 
hydrochloric  acid,  when  a  liquid  is  formed  of  a  blue  colour,  which  is 
removed  from  the  aqueous  solution  by  ether.  The  composition  of  this 
very  unstable  compound  is  perhaps  Cr^O^. 


A  salt  of  chromic  acid  is  at  once  recognized  by  its  behaviour  with 
solutions  of  baryta  and  lead ;  and  also  by  its  colour  and  capability  of 
fm-nishing,  by  deoxidation,  the  green  sesquioxide  of  chromium. 


Chlorochromic  acid,  CrOj-l-Cl.* — 3  parts  of  bichromate  of 
potassa  and  3^  parts  of  common  salt  are  intimately  mixed  and  in- 
troduced into  a  small  glass  retort ;  9  parts  of  oil  of  vitriol  are  then 
added,  and  heat  applied  as  long  as  dense  red  vapours  arise.  The  pro- 
duct is  a  heavy  deep-red  liquid  resembling  bromine ;  it  is  decom- 
posed by  water,  with  production  of  chromic  and  hydrochloric  acids. 


NICKEL. 

Nickel  is  found  in  tolerable  abundance  in  some  of  the  metal-bearing 
veins  of  the  Hartz  mountains,  and  in  a  few  other  localities,  chiefly  as 
arsenide,  the  kupfernickel  of  mineralogists,  so  called  from  its  yellowish- 
red  colour.  The  word  nickel  is  a  term  of  detraction,  having  been 
applied  by  the  old  Gei-man  miners  to  what  was  looked  upon  as  a  kind 
of  false  copper  ore. 

The  artificial,  or  perhaps  rather  merely  fused,  product,  called  speiss, 

*  If  this  formula  be  trebled,  we  obtain  Cr,j06Cl3=2CrO",CrCl3  and  the 
substance  becomes  a  compound  of  2  eq.  of  chromic  acid  and  1  eq  of  ter- 
chloride  of  chromium.  The  terchloride  of  chromium  is  not  Imowu  in  the 
free  state. 
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is  nearly  the  same  substance,  and  may  be  employed  as  a  source  of  the 
nickel-salts.  This  metal  is  found  in  meteoric  iron,  as  already  men- 
tioned. 

Nickel  is  easily  prepared  by  exposing  the  oxalate  to  a  high  white 
heat,  in  a  crucible  lined  with  charcoal.  It  is  a  white,  malleable 
metal,  having  a  density  of  8  "8,  a  high  melting  point,  and  a  less  degree 
of  oxidability  than  iron,  since  it  is  but  little  attacked  by  dilute  acids. 
Nickel  is  strongly  magnetic,  but  loses  this  property  when  heated  to 
660°  (349°C).  This  metal  forms  two  oxides,  only  one  of  which  is 
basic.    The  equivalent  of  nickel  is  29*6  ;  its  symbol  is  Ni. 

Protoxide  of  nickel,  NiO. — This  compound  is  prepared  by 
heating  to  redness  the  nitrate,  or  by  precipitating  a  soluble  salt  with 
caustic  potassa,  and  washing,  drying,  and  igniting  the  apple-green 
hydrated  oxide  thrown  down.  It  is  an  ash-grey  powder,  freely  soluble 
in  acids,  which  it  completely  neutralizes,  being  isomorphous  with 
magnesia,  and  the  other  members  of  the  same  gi-oup.  The  salts  of 
this  substance,  when  hyckated,  have  usually  a  beautiful  green  colour ; 
in  the  anhydrous  state  they  are  yellow. 

Sesquioxide,  or  peroxide  of  nickel,  Ni203. — This  oxide  is  a 
black  insoluble  substance,  prepared  by  passing  chlorine  through  the 
hydrated  oxide  suspended  in  water  ;  chloride  of  nickel  is  fomied,  and 
the  oxygen  of  the  oxide  decomposed  transferred  to  a  second  portion. 
It  is  also  produced  when  a  salt  of  nickel  is  mixed  with  a  solution  of 
bleaching-powder.  The  sesquioxide  is  decomposed  by  heat,  and 
evolves  chlorine  when  put  into  hot  hydrochloiic  acid. 

Chloride  of  nickel,  NiCl. — This  is  easily  prepared  by  dissolving 
oxide  or  carbonate  of  nickel  in  hydrochloiic  acid.  A  green  solution 
is  obtained  which  furnishes  crystals  of  the  same  colour,  containing 
water.  When  rendered  anhydrous  by  heat,  the  chloride  is  yellow, 
unless  it  contain  cobalt,  in  which  case  it  has  a  tint  of  green. 

Sulphate  of  nickel,  NiO,S03-|-7HO. — This  is  the  most  im- 
portant of  the  salts  of  nickel.  It  foi-ms  green  prismatic  crystals,  con- 
taining 7  equivalents  of  water,  which  require  3  parts  of  cold  water  for 
solution.  Crystals  with  6  equivalents  of  water  have  also  been  ob- 
tained. It  forms  with  the  sulphates  of  potassa  and  ammonia  beautiful 
double  salts,  NiO.SOg  +  KO.SOj  +  6H0  and  NiO,S03  +  NH4O, 
SO3  +  6HO.  When  a  strong  solution  of  oxalic  acid  is  mixed  with 
sulphate  of  nickel,  a  pale  bluish-gi-een  precipitate  of  oxalate  falls  after 
some  time,  very  little  nickel  remaining  in  solution.  The  oxalate  can 
thus  be  obtained  for  preparing  the  metal. 

Carbonate  of  nickel. — When  solutions  of  sulphate  or  chloride 
of  nickel  and  of  carbonate  of  soda  are  mixed,  a  pale-green  precipitate 
falls,  which  is  a  combination  of  carbonate  and  hydrate  of  nickel.  It 
is  readily  decomposed  by  heat. 

Pure  salts  of  nickel  are  conveniently  prepared  on  the  small  scale 
fi-om  crude  speiss  or  kupfernickel  by  the  following  process: — The 
mineral  is  broken  into  small  fragments,  mixed  with  from  one-fourth 
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to  half  its  weight  of  iron-filings,  and  the  whole  dissolved  in  aqua  regia. 
The  solution  is  gently  evaporated  to  dryness,  the  residue  treated  with 
boiling  water,  and  the  insoluble  arsenate  of  iron  removed  by  a  filter. 
The  liquid  is  then  acidulated  with  hydrochloric  acid,  treated  with 
sulphuretted  hydrogen  in  excess,  which  precipitates  the  copper,  and, 
after  filtration,  boiled  with  a  little  nitric  acid  to  bring  back  the  iron 
to  the  state  of  sesquioxide.  To  the  cold  and  largely-diluted  liquid 
solution  of  bicarbonate  of  soda  is  gradually  added,  by  which  the  ses- 
quioxide of  iron  may  be  completely  separated  without  loss  of  nickel- 
salt.  Lastly,  the  filtered  solution,  boiled  with  carbonate  of  soda  in 
excess,  yields  an  abundant  pale-green  precipitate  of  carbonate  of 
nickel,*  from  which  all  the  other  compounds  may  be  prepared. 


The  salts  of  nickel  are  well  characterized  by  their  behaviour  with 
reagents. 

Caustic  alkalis  give  a  pale  apple-green  precipitate  of  hydrate,  inso- 
luble in  excess. 

Ammonia  affords  a  similar  precipitate,  which  is  soluble  in  excess, 
with  deep  purplish-blue  colour. 

Carbonate  of  potassa  and  soda  give  pale-green  precipitates. 

Carbonate  of  ammonia,  a  similar  precipitate,  soluble  in  excess,  with 
blue  colour. 

Ferrocyanide  of  potassium  gives  a  greenish-white  precipitate. 

Cyanide  of  potassium  produces  a  green  precipitate,  which  dissolves 
in  an  excess  of  the  precipitant  to  an  amber-coloured  liquid  which  is 
re-precipitated  by  addition  of  hydrochloric  acid. 

Sulphuretted  hydrogen  occasions  no  change,  if  the  nickel  be  in  com- 
bination with  a  strong  acid. 

Sulphide  of  ammonium  throws  down  black  sulphide  of  nickel. 


The  chief  use  of  nickel  in  the  arts  is  in  the  preparation  of  a  white 
alloy,  sometimes  called  German  silver,  made  by  melting  together  100 
pai-ts  of  copper,  60  of  zinc,  and  40  of  nickel.  This  alloy  is  very  mal- 
leable, and  takes  a  high  polish. 


COBALT. 


This  substance  bears,  in  many  respects,  an  extraordinary  resem- 
blance to  the  metal  last  described  ;  it  is  often  associated  with  it  in 
nature,  and  may  be  obtamed  from  its  compounds  by  similar  means. 

*  This  precipitate  may  still  contain  cobalt,  'nhich  can  only  be  separated 
from  It  by  very  corapUcated  processes,  for  which  the  more  advanced  student 
IS  referred  to  "  Liebig  and  Kopp's  Annual  Report,"  ii.  334.  .!>i.uui.u(. 
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Cobalt  is  a  white,  brittle  metal,  having  a  specific  gravity  of  8-5,  and 
a  very  high  melting-point.  It  is  unchanged  in  the  air,  and  but  feebly 
attacked  by  dilute  hydrochloric  and  sulphuric  acids.  It  is  strongly 
magnetic.  There  are  two  oxides  of  this  metal,  corresponding  in  pro- 
perties and  constitution  with  those  of  nickel. 

The  equivalent  of  cobalt  is  29-55  ;  its  symbol  is  Co. 

PfiOTOXiDE  OP  COBALT,  CoO.— This  is  grey  powder,  very  soluble 
in  acids,  and  is  a  strong  base,  isomorphous  with  magnesia,  afFording 
salts  of  a  fine  red  tint.  It  is  prepared  by  precipitating  sulphate  or 
chloride  of  cobalt  with  carbonate  of  soda,  and  washing,  drying, 
and  igniting  the  precipitate.  When  the  cobalt-solution  is  mixed  with 
caustic  potassa  a  beautiful  blue  precipitate  falls,  which,  when  heated, 
becomes  violet,  and  at  length  dirty  red,  from  absorption  of  oxygen 
and  a  change  in  the  state  of  hydration.  ° 

Sesquioxide  of  cobalt,  C02O3.— The  sesquioxide  is  a  black,  in- 
soluble, neutral  powder,  obtained  by  mixing  solutions  of  cobalt  and 
of  chloride  of  lime. 

Chloride  op  cobalt,  CoCL— The  chloride  is  easily  prepared  by 
dissolving  the  oxide  in  hydrochloric  acid  ;  it  gives  a  deep  rose-red 
solution,  which,  when  sufficiently  strong,  deposits  hydrated  crystals  of 
the  same  colour.  When  the  liquid  is  evaporated  by  heat  to  a  very 
small  bulk,  it  deposits  anhydrous  crystals  which  are  blue;  these 
latter  by  contact  with  water  again  dissolve  to  a  red  liquid.  A  dilute 
solution  of  chloride  of  cobalt  constitutes  the  well-known  blue  sympa- 
thetic ink  ;  characters  written  on  paper  with  this  liquid  are  invisible 
from  their  paleness  of  colour  until  the  salt  has  been  rendered  anhy- 
di'ous  by  exposure  to  heat,  when  the  letters  appear  blue.  When  laid 
aside,  moisture  is  absorbed,  and  the  writing  once  more  disappears. 
Green  sympathetic  ink  is  a  mixture  of  the  clilorides  of  cobalt  and 
nickel. 

Chloride  of  cobalt  may  be  prepared  directly  from  cobalt-glance,  the 
native  arsenide,  by  a  process  exactly  similai-  to  that  described  in  the 
case  of  nickel. 

Sulphate  of  cobalt,  CoO,S03-t-7HO. — This  salt  forms  deep-red 
crystals,  requiring  for  solution  24  parts  of  cold  water;  they  are  iden- 
tical in  fonn  with  those  of  sulphate  of  magnesia.  It  combines  with 
the  sulphates  of  potassa  and  ammonia,  forming  double  salts,  which 
contain  as  usual  six  equivalents  of  water. 

A  solution  of  oxalic  acid  added  to  one  of  sulphate  of  cobalt  occa- 
sions, after  some  time,  the  separation  of  nearly  the  whole  of  the  base 
in  the  state  of  oxalate. 

Carbonate  of  cobalt.— The  alkaline  carbonates  produce  in  solu- 
tions of  cobalt  a  pale  peach-blossom  coloured  precipitate  of  combined 
carbonate  and  hydrate,  containing  3(CoO,HO)-|-2(CoO,C02). 
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The  salts  of  cobalt  have  the  following  characters  :— 
Solution  of  potassa  gives  a  blue  i^recipitate,  changing  by  heat  to 
violet  and  red. 

Ammonia  gives  a  blue  precipitiite,  soluble  with  difficultj^  in  excess, 
with  brownish-red  colour. 

Carbonate  of  soda  affords  a  pink  precipitate. 

Cai-bonate  of  ammonia,  a  similar  compound,  soluble  in  excess. 

Ferrocyanide  of  potassium  gives  a  greyish-green  precipitate. 

Cyanide  of  potassium  affords  a  yellowish-brown  precipitate,  wliich 
dissolves  in  an  excess  of  the  precipitant.  The  clear  solutions,  after 
boiling,  may  be  mixed  with  hydrochloric  acid  without  giving  a  preci- 
pitate. 

Sulphuretted  hydi'ogen  produces  no  change,  if  the  cobalt  be  in 
combination  with  a  strong  acid. 

Sulphide  of  ammonium  throws  down  black  sulphide  of  cobalt. 


Oxide  of  cobalt  is  remarkable  for  the  magnificent  blue  colour  it 
communicates  to  glass  :  indeed,  this  is  a  character  by  which  its  pre- 
sence may  be  most  easily  detected,  a  very  small  portion  of  the  sub- 
stance to  be  examined  being  fused  with  borax  on  a  loop  of  platinum 
wire  before  the  blowpipe.  The  substance  called  smalt,  \ised  as  a 
pigment,  consists  of  glass  coloured  by  oxide  of  cobalt;  it  is  thus 
made: — The  cobalt  ore  is  roasted  until  nearly  free  from  arsenic,  and 
then  fused  with  a  mixture  of  carbonate  of  potassa  and  quartz-sand, 
free  from  oxide  of  iron.  Any  nickel  that  may  happen  to  be  con- 
tained in  the  ore  then  subsides  to  the  bottom  of  the  crucible  as 
ai'senide  :  this  is  the  speiss  of  which  mention  has  already  been  made. 
The  glass,  when  complete,  is  removed  and  poured  into  cold  water  ;  it 
is  afterwards  ground  to  powder  and  elutriated.  Cobalt-ultramarine 
is  a  fine  blue  colour  prepared  by  mixing  16  parts  of  freshly-preci- 
pitated alumina  with  2  parts  of  phosphate  or  arsenate  of  cobalt : 
this  mixture  is  dried  and  slowly  heated  to  redness.  By  daylight  the 
colour  is  pure  blue,  but  by  artificial  light  it  is  violet.  Zaffer  is  the 
roasted  cobalt  ore  mixed  with  a  quantity  of  siliceous  sand,  and 
reduced  to  fine  powder  ;  it  is  used  in  enamel-painting.  A  mixture  in 
due  proportions  of  the  oxides  of  cobalt,  manganese,  and  iron  is  used 
for  giving  a  fine  black  colour  to  glass. 


ZINC. 

Zinc  is  a  somewhat  abundant  metal ;  it  is  found  in  the  state  of  car- 
bonate and  sulphide,  associated  with  lead  ores  in  many  districts,  both 
in  Britain  and  on  the  Continent:  large  supplies  are  obtained' from 
Silesia.    The  native  carbonate,  or  calamine,  is  the  most  valuable  of 
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the  zinc  ores,  and  is  preferred  for  the  extraction  of  the  metal :  it  is  first 
roasted  to  expel  water  and  carbonic  acid,  mixed  with  fragments  of 
coke  or  charcoal,  and  then  distilled  at  a  full  red-heat  in  a  large  earthen 
retort ;  carbonic  oxide  escapes,  while  the  reduced  metal  volatilizes  and 
is  condensed  by  suitable  means,  generally  with  minute  quantities  of 
arsenic. 

Zinc  is  a  bluish-white  metal,  which  slowly  tarnishes  in  the  air  •  it 
has  a  lamellar,  crystalline  structui-e,  a  density  varying  from  6'8  to  T2 
and  is,  under  ordinary  circumstances,  brittle.  Between  250^  (121°C)' 
and  300°  (149°C)  it  is,  on  the  contrary,  malleable,  and  may  be  rolled 
or  hammered  without  danger  of  fracture,  and,  what  is  very  remark- 
able, after  such  treatment,  retains  its  malleability  when  cold  :  the 
sheet-zinc  of  commeaxe  is  thus  made.  At  400°  ("204*^-4C)  it  is  so 
brittle  that  it  may  be  reduced  to  powder.  At  773°  (411°-6C)  it 
melts  :  at  a  bright  red-heat  it  boils  and  volatilizes,  and,  if  air  be 
admitted,  burns  with  a  splendid  green  light,  generating  the  oxide. 
Dilute  acids  dissolve  zinc  very  readily  ;  it  is  constantly  "employed  in 
this  manner  in  preparing  hydrogen  gas. 

The  equivalent  of  zinc  has  been  fixed  at  32*6  ;  its  symbol  is  Zn. 

Protoxtde  of  zinc,  ZnO. — Only  one  oxide  of  this  metal  is  known 
to  exist ;  it  is  a  strong  base,  isomorphous  with  magnesia ;  it  is 
prepared  either  by  burning  zinc  in  atmospheric  air,  or  by  heating  to 
redness  the  carbonate.  Oxide  of  zinc  is  a  white  tasteless  powder, 
insoluble  in  water,  but  freely  dissolved  by  acids.  When  heated  it  is 
yellow,  but  turns  white  again  on  coohng. 

Solphate  of  zinc;  white-vitriol;  ZnO,  S03-f7HO.  This 
salt  is  hardly  to  be  distinguished  by  the  eye  from  sulphate  of  mag- 
nesia ;  it  is  prepared  either  by  dissolving  the  metal  in  dilute  sul- 
phuric acid,  or,  more  economically,  by  roasting  the  native  sulphide,  or 
blende,  which,  by  absorption  of  oxygen,  becomes  in  great  part  converted 
into  sulphate  of  the  oxide.  The  altered  mineral  is  thrown  hot  into 
water,  and  the  salt  obtained  by  evaporating  the  clear  solution.  Sul- 
phate of  zinc  has  an  astringent  metallic  taste,  and  is  used  in  medicine 
as  an  emetic.  The  crystals  dissolve  in  2^  parts  of  cold,  and  in  a  much 
smaller  quantity  of  hot  water.  Ciystals  containing  6  equivalents  of 
water  have  been  observed.  Sulphate  of  zinc  forms  double  salts  with 
the  sulphates  of  potassa  and  ammonia. 

Carbonate  of  zinc,  ZnO,C02. — The  neutral  carbonate  is  found 
native ;  the  white  precipitate  obtained  by  mixing  solutions  of  zinc  and 
of  alkaline  carbonates  is  a  combination  of  cai'bonate  and  hydrate. 
When  heated  to  redness,  it  yields  pure  oxide  of  zinc. 

Chloride  of  zinc,  ZnCl. — The  chloride  may  be  prepared  by 
heating  metallic  zinc  in  chlorine  ;  by  distilling  a  mixture  of  zinc-filings 
and  corrosive  sublimate  ;  or,  more  easily,  by  dissolving  zinc  in  hydro- 
chloric acid.  It  is  a  nearly  white,  translucent,  fusible  substance,  very 
soluble  in  water  and  alcohol,  and  very  deliquescent.  A  strong  solu- 
tion of  chloride  of  zinc  is  sometimes  used  as  a  bath  for  obtaining  a 
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graduated  heat  above  212°  (100°C).  Chloride  of  zinc  unites  with  sal- 
ammoniac  and  chloride  of  potassium  to  double  salts ;  the  former  of 
these,  made  by  dissolving  an  equivalent  of  zinc  in  the  requisite  quan- 
tity of  hydrochloric  acid,  and  then  adding  an  equivalent  of  sal-ammo- 
niac, is  very  useful  in  tinning  and  soft-soldering  copper  and  iron. 


A  salt  of  zinc  is  easily  distinguished  by  appropriate  reagents. 

Caustic  potassa  and  soda  give  a  white  precipitate  of  hydrate,  freely 
soluble  in  excess  of  alkali. 

Ammonia  behaves  in  the  same  manner ;  an  excess  re-dissolves  the 
precipitate  instantly. 

The  carbonates  of  potassa  and  soda  give  white  precipitates,  insoluble 
in  excess. 

Carbonate  of  ammonia  gives  also  a  white  precipitate,  which  is  re- 
dissolved  by  an  excess. 

Ferrocyanide  of  potassium  gives  a  white  precipitate. 

Sulphuretted  hydrogen  causes  no  change.* 

Sulphide  of  ammonium  throws  down  white  sulphide  of  zinc. 


The  applications  of  metallic  zinc  to  the  pui-poses  of  roofing,  the 
construction  of  water-channels,  &c.,  are  well  known  ;  it  is  sufBciently 
durable,  but  inferior  in  this  respect  to  copper. 


CADMIUM. 

This  metal  was  discovered  in  1817  by  Stromeyer ;  it  accompanies 
the  ores  of  zinc,  and,  being  more  volatile  than  that  substance,  rises 
first  in  vapour  when  the  calamine  is  subjected  to  distillation  with 
charcoal.  Cadmium  resembles  tin  in  colour,  but  is  somewhat  harder  ; 
it  is  very  malleable,  has  a  density  of  8-7,  melts  below  500°  (260°C), 
and  is  nearly  as  volatile  ;)s  mercury.  It  tarnishes  but  little  in  the 
air,  but,  when  strongly  heated,  bui-ns.  Dilute  sulphuric  and  hydro- 
chloric acids  act  but  little  on  this  metal  in  the  cold ;  nitric  acid  is  its 
best  solvent. 

The  equivalent  of  cadmium  is  56;  its  symbol  is  Cd. 

Protoxide  of  cadmidm,  CdO.— The  oxide  may  be  prepared  by 
igniting  either  the  carbonate  or  the  nitrate  :  in  the  former  case  it  has 
a  pale-brown  colour,  and  in  the  latter  a  much  darker  tint  and  a  crys- 
talline aspect.    Oxide  of  cadmium  is  infusible ;  it  dissolves  in  acids 
producing  a  series  of  colourless  salts. 


*  With  neutral  solutions,  or  zinc-salts  of  an  organic  acid  a  white 
tate  ensues.  ' 
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Sulphate  of  cadmium,  CdO,S03  +  4HO.— This  is  easily  obtained 
by  dissolving  the  oxide  or  carbonate  in  dilute  sulphuric  acid  ;  it  is  very 
soluble  in  water,  and  forms  double  salts  with  the  sulphates  of  potassa 
and  of  ammonia,  which  contain  respectively  CdO,SO3  +  K0,S0a+6HO 
and  CdO,S03  +  NH40,S08  +  6HO. 

Chloride  of  cadmidm,  CdCL— This  is  a  very  soluble  salt,  crys- 
tallizing in  small  four-sided  prisms. 

Sulphide  of  cadmium  is  a  very  characteristic  compound,  of  a 
bright-yellow  colour,  fusible  at  a  high  temperature.  It  is  obtained 
by  passing  sulphuretted  hydrogen  gas  through  a  solution  of  the  sul- 
phate, nitrate,  or  chloride. 


The  salts  of  cadmium  ai-e  thus  distinguished  : — 
Fixed  caustic  alkalis  give  a  white  precipitate  of  hydrated  oxide,  in- 
soluble in  excess. 

Ammonia  gives  a  similar  white  precipitate,  readily  soluble  in 
excess. 

The  alkaline  carbonates,  and  carbonate  of  ammonia,  throw  down 
white  carbonate  of  cadmium,  insoluble  in  excess  of  either  precipitant. 

Sulphuretted  hydrogen  and  sulphide  of  ammonium  precipitate  the 
yellow  sulphide  of  cadmium. 


BISMUTH. 

Bismuth  is  found  chiefly  in  the  metallic  state,  disseminated  through 
an  earthy  matrix,  from  which  it  is  separated  by  simple  exposure  to 
heat.  The  metal  is  highly  crystalline  and  very  brittle  ;  it  has  a 
reddish-white  colour,  and  a  density  of  9"9.  Cubic  crystals  of  great 
beauty  may  be  obtained  by  slowly  cooling  a  considerable  mass  of  this 
substance  until  solidification  has  commenced,  and  then  piercing  the 
crust,  and  pouring  out  the  fluid  residue.  Bismuth  melts  at  about 
500°  (260°C),  and  volatilizes  at  a  high  temperature:  it  is  little 
oxidized  by  the  air,  but  burns  when  strongly  heated  with  a  bluish 
flame.    Nitric  acid,  somewhat  diluted,  dissolves  it  freely. 

The  equivalent  of  bismuth  is  213,  its  symbol  is  Bi. 

Teroxide  of  BISMUTH,  BiOs. — This  is  the  base  of  all  the  salts.  It 
is  a  straw-yellow  powder,  obtained  by  gently  igniting  the  neutral  or 
basic  nitrate.  It  is  fusible  at  a  high  temperature,  and  in  that  state 
acts  towards  siliceous  matter  as  a  powerful  flux. 

BiSMUTUic  acid,  BiOs. — If  teroxide  of  bismuth  be  suspended  in 
a  strong  solution  of  potassa,  and  chlorine  be  passed  through  this 
liquid,  decomposition  of  water  ensues  ;  hydrochloric  acid  being  foimed 
and  tlie  teroxide  being  converted  into  the  pentoside.  To  separate 
any  teroxide  which  may  have  escaped  oxidation,  the  powder  is  treated 
with  dilute   nitric  acid,  when   the  bismutliic  acid   is  left  as  a 
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reddish  powder,  which  is  insoluble  in  water.  This  substance  com- 
bines with  bases,  but  the  compounds  are  not  very  well  known.  When 
heated  it  loses  oxygen,  an  intermediate  oxide  BiO^  being  formed, 
which  may  be  considered  as  bismuthate  of  bismuth,  2Bi04  =  Bi03, 
BiOs. 

Nitrate  of  bismuth,  BiOa.SNOj+lOHO. — When  bismuth  is  dis- 
solved in  moderately-strong  nitric  acid  to  saturation,  and  the  whole 
left  to  cool,  large,  colourless,  transparent  crystals  of  the  neutral  nitrate 
ai*e  deposited.  Water  decomposes  these  crystals ;  an  acid  solution 
containing  a  little  bismuth  is  obtained,  and  a  brilliant  white  crystal- 
line powder  is  left,  which  varies  to  a  certain  extent  in  composition  ac- 
cording to  the  temperature  and  the  quantity  of  water  employed,  but 
which  frequently  consists  of  a  basic  nitrate  of  the  teroxide  BiOgjNOj 
-f-2H0.  A  solution  of  nitrate  of  bismuth,  free  from  any  great 
excess  of  acid,  poured  into  a  large  quantity  of  cold  water,  yields  an 
insoluble  basic  nitrate,  very  similai-  in  appearance  to  the  above,  but 
containing  rather  a  larger  proportion  of  teroxide  of  bismuth.  This 
remarkable  decomposition  illustrates  at  once  the  basic  property  of 
water,  and  the  feeble  affinity  of  teroxide  of  bismuth  for  acids,  the 
nitric  acid  dividing  itself  between  the  two  bases.  The  decomposition 
of  a  neutral  salt  by  water  is  by  no  means  an  uncommon  occurrence  in 
the  history  of  the  metals  ;  a  solution  of  terchloride  of  antimony  exhi- 
bits the  same  phenomenon  ;  certain  salts  of  mercury  are  affected  in  a 
similar  manner,  and  other  cases  might  perhaps  be  cited,  less  conspi- 
cuous, where  the  same  change  takes  place  to  a  smaller  extent. 

The  basic  nitrate  of  teroxide  of  bismuth  was  once  extensively  em- 
ployed as  a  cosmetic,  but  is  said  to  injure  the  skin,  rendering  it  yellow 
and  leather-like.    It  has  been  used  in  medicine. 

The  other  salts  of  bismuth  possess  few  points  of  interest. 


Bismuth  is  sufficiently  characterized  by  the  decomposition  of  the 
nitrate  by  water,  and  by  the  blackening  the  nitrate  undergoes  when 
exposed  to  the  action  of  sulphuretted  hydrogen  gas. 

A  mixture  of  8  pai-ts  of  bismuth,  5  parts  of  lead,  and  3  of  tin,  is 
known  under  the  name  of  fusible  metal,  and  is  employed  in  taking 
impressions  from  dies  and  for  other  purposes;  it  melts  below  212° 
(100°C).  The  discrepancies  so  frequently  observed  between  the  pro- 
perties of  alloys  and  those  of  their  constituent  metals,  plainly  show 
that  such  substances  must  be  looked  upon  as  true  chemical  com- 
pounds, and  not  as  mere  mixtures :  in  the  present  case  the  proof  is 
complete,  for  the  fusible  metal  has  lately  been  obtained  in  crystals 
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URANITIM. 

This  metal  is  found  in  a  few  minerals,  as  pitchblende  and  uranite, 
of  which  the  former  is  the  more  abundant.  It  appears  from  the 
recent  interesting  researches  of  M.  Pe'ligot,  that  the  substance  hitherto 
taken  for  metallic  uranium,  obtained  by  the  action  of  hydrogen  gas 
upon  the  black  oxide,  is  not  in  reality  the  metal,  but  a  protoxide, 
capable  of  uniting  directly  with  acids,  and,  like  the  protoxide  of  man- 
ganese, not  decomposable  by  hydrogen  at  a  red-heat.  The  metal 
itself  can  be  obtained  only  by  the  intervention  of  potassium,  applied 
in  the  same  manner  as  in  the  preparation  of  magnesium.  It  is  de- 
scribed as  a  black  coherent  powder,  or  a  white  malleable  metal,  ac- 
cording to  the  state  of  aggregation,  not  oxidized  by  air  or  water,  but 
eminently  combustible  when  exposed  to  heat.  It  unites  also  with 
great  violence  with  chlorine  and  with  sulphur.  M.  Peligot  admits 
three  distinct  oxides  of  uranium,  besides  two  other  compounds  of  the 
metal  and  oxygen,  which  he  designates  as  suboxides. 

The  equivalent  of  uranium  is  60.    its  symbol  is  U. 

Protoxide  of  uranium,  UO. — This  is  the  body  formerly  con- 
sidered as  the  metal ;  it  is  prepared  by  several  processes,  one  of  which 
has  been  already  mentioned.  It  is  a  brown  powder,  sometimes 
highly  crystalline.  When  in  minute  division  it  is  pyrophoric,  taking 
fire  in  the  air,  and  burning  to  black  oxide.  It  forms  with  acids  a 
series  of  green  salts.  A  corresponding  chloride  exists,  which  forms 
dark-green  octahedral  crystals,  highly  deliquescent  and  soluble  in 
water.  M.  Peligot  attributes  a  very  extraordinary  double  function 
to  this  substance,  namely,  that  of  acting  as  a  protoxide  and  forming 
salts  with  acids,  and  that  of  combining  with  chlorine  or  oxygen  after 
the  fashion  of  an  elementary  body. 

PROTO-SESQUIOXinE  OF  UEANIUM  ;  BLACK  OXIDE  ;  U4O5,  Or  2U0-f 

U2O3. — The  black  oxide,  formerly  considered  as  protoxide,  is  pro- 
duced when  either  protoxide  or  sesquioxide  is  strongly  heated  in  the 
air,  the  former  gaining,  and  the  latter  losing,  a  certain  quantity  of 
oxygen.  It  forms  no  salts,  but  is  resolved  by  solution  in  acids  into 
protoxide  and  sesquioxide. 

Sesquioxide  op  uranium,  U2O3. — The  sesquioxide  is  the  best 
known  and  most  important  of  the  three;  it  forms  a  number  of  ex- 
tremely beautiful  yellow  salts.  When  caustic  alljali  is  added  to  a 
solution  of  nitrate  of  sesquioxide  of  uranium,  a  yellow  precipitate  of 
hydrated  oxide  falls,  which  retains,  however,  a  portion  of  the  preci- 
pitant. The  hydiate  cannot  be  exposed  to  a  heat  sufficient  to  expel 
the  water  without  a  commencement  of  decomposition.  A  better 
method  of  obtaining  the  sesquioxide  is  to  heat  by  means  of  an  oil-bath 
the  powdered  and  dried  crystals  of  the  nitrate  to  480°  (249''C),  until 
no  more  nitrous  fumes  are  disengaged.  Its  colour  in  this  state  is 
chamois-yellow. 
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Nitrate  of  sesquioxide  of  uranium,  UjOsjNOs+GHO  ;  or 
(U,0,)  0,  NO5  +  6HO;  U^O,  being  the  supposed  quasi-metal.— 
This  nitrate  is  the  starting  point  in  the  preparation  of  all  the  com- 
pounds of  uranium  :  it  may  be  prepared  from  pitchblende  by  dissolv- 
ing the  pulverized  mineral  in  nitric  acid,  ■  evaporating  to  dryness, 
adding  water  and  filtering ;  the  liquid  furnishes  by  due  evaporation 
crystals  of  nitrate  of  uranium,  which  are  purified  by  a  repetition  of 
the  process,  and,  lastly,  dissolved  in  ether.  This  latter  solution  yields 
the  pure  nitrate. 

The  green  salts  of  uranium  are  peroxidized  by  boiling  with  nitric 
acid. 


A  yellow  precipitate  with  caustic  alkalis,  convertible  by  heat  iiito 
black  oxide ;  a  brown  precipitate  with  sulphide  of  ammonium  ;  and 
none  at  all  with  sulphuretted  hydrogen  gas,  sufficiently  characterize 
the  salts  of  sesquioxide  of  uranium.  A  solution  suspected  to  contain 
protoxide  may  be  boiled  with  a  little  nitric  acid,  and  then  examined. 


The  only  application  of  uranium  is  that  to  enamel-painting  and  the 
staining  of  glass ;  the  protoxide  giving  a  fine  black  colour,  and  the 
sesquioxide  a  delicate  yellow. 


COPPER. 

Copper  is  a  metal  of  great  value  in  the  arts  of  life ;  it  sometimes 
occurs  in  the  metallic  state,  crystallized  in  octahedrons,  but  is  more 
abundant  in  the  condition  of  red  oxide,  and  in  that  of  sulphide  com- 
bined with  sulphide  of  iron,  or  yellow  copper  ore.  Large  quantities 
of  the  latter  substance  are  annufdly  obtained  from  the  Cornish  mines 
and  taken  to  South  Wales  for  reduction,  which  is  effected  by  a  some- 
what complex  process.  The  principle  of  this  may,  however,  be  easily 
made  intelligible.  The  ore  is  roasted  in  a  reverberatory  furnace,  by 
which  much  of  the  sulphide  of  iron  is  converted  into  oxide,  while  the 
sulphide  of  copper  remains  unaltered.  The  product  of  this  operation 
is  then  strongly  heated  with  siliceous  sand ;  the  latter  combines  with 
the  oxide  of  iron  to  a  fusible  slag,  and  separates  from  the  heavier 
copper-compound.  When  the  iron  has,  by  a  repetition  of  these  pro- 
cesses been  got  rid  of,  the  sulphide  of  copper  begins  to  decompose  in 
the  riame-furnace,  losing  its  sulphur  and  absorbing  oxygen ;  the  tem- 
pei-ature  is  then  raised  sufficiently  to  reduce  the  oxide  thus  produced, 
by  the  aid  of  carbonaceous  matter.  The  last  part  of  the  operation 
consists  in  thrusting  into  the  melted  metal  a  pole  of  birch-wood,  the 
object  of  which  is  probably  to  reduce  a  little  remaining  oxide  by  the 
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combustible  gases  thus  generated.  Large  quantities  of  extreraelv 
valuable  ore,  chiefly  carbonate  and  red  oxide,  have  lately  been  obtained 
from  South  Australia. 

Copper  has  a  well-known  yellowish-red  colour,  a  specific  gravity  of 
8'96,  and  is  very  malleable  and  ductile ;  it  is  an  excellent  conductor 
of  heat  and  electricity  ;  it  melts  at  a  bright  red-heat,  and  seems  to  be 
a  little  volatile  at  a  very  high  temperature.  Copper  undergoes  no 
change  in  dry  air  :  exposed  to  a  moist  atmosphere,  it  becomes  covered 
with  a  strongly  adherent  green  crust,  consisting  in  a  great  measure  of 
carbonate.  Heated  to  redness  in  the  air,  it  is  quickly  oxidized, 
becoming  covered  with  a  black  scale.  Dilute  sulphuric  and  hydro- 
chloric acids  scarcely  act  upon  copper  ;  boiling  oil  of  vitriol  attacks  it 
with  evolution  of  sulphurous  acid ;  nitric  acid,  even  dilute,  dissolves 
it  readily  with  evolution  of  binoxide  of  nitrogen.  Two  oxides  are 
known  which  form  salts ;  a  third,  or  peroxide,  is  said  to  exist. 

The  equivalent  of  copper  is  31-7  ;  its  symbol  Cu. 

Protoxide  of  copper  ;  black  oxide  ;  CuO.— This  is  the  base 
of  the  ordinary  blue  and  green  salts.  It  is  prepared  by  calcining 
metallic  copper  at  a  red-heat,  with  full  exposure  to  air,  or,  more  con- 
veniently, by  heating  to  redness  the  nitrate,  which  suffers  complete 
decomposition.  When  a  salt  of  this  oxide  is  mixed  with  caustic 
alkali  in  excess,  a  bulky  pale-blue  precipitate  of  hydrated  oxide  falls, 
which,  when  the  whole  is  raised  to  the  boiling-point,  becomes  con- 
verted into  a  heavy  dark -brown  powder :  this  also  is  anhydrous 
oxide  of  copper,  the  hydrate  suffering  decomposition,  even  iu  contact 
with  water.  The  oxide  prepared  at  a  high  temperature  is  perfectly 
black  and  very  dense.  Protoxide  of  copper  is  soluble  in  acids, 
and  forms  a  series  of  very  important  salts,  being  isomorphous  with 
magnesia. 

Suboxide  of  copper;  red  oxide;  CujO. — The  suboxide  may 
be  obtained  by  heating  in  a  covered  crucible  a  mixture  of  5  parts  of 
black  oxide  and  4  parts  of  fine  copper-filings;  or  by  adding  grape- 
sugar  to  a  solution  of  sulphate  of  copper,  and  then  putting  in  an  excess 
of  caustic  potassa,  the  blue  solution,  heated  to  ebullition,  is  reduced  by 
the  sugar,  and  deposits  suboxide.  It  often  occurs  in  beautifidly  trans- 
parent ruby-red  crystals,  associated  with  other  ores  of  copper,  and  can 
be  obtained  in  this  state  by  artificial  means.  This  substance  forms 
colourless  salts  with  acids,  which  are  exceedingly  unstable,  and  tend 
to  absorb  oxygen.  The  suboxide  communicates  to  glass  a  magnificent 
red  tint,  while  that  given  by  the  protoxide  is  green. 

Sulphate  of  copper;  blue  vitriol;  CuO,S03-(-5HO. — This 
beautiful  salt  is  prepared  by  dissolving  oxide  of  copper  in  sulphuric 
acid,  or,  at  less  expense,  by  oxidizing  the  sulphide.  It  forms  large 
blue  crystals,  soluble  in  4  parts  of  cold  and  2  of  boiling  water;  by 
heat  it  is  rendered  anhydrous  and  nearly  white,  and  by  a  very  high 
temperature  decomposed.  Sulphate  of  copper  combines  with  the  sul- 
phates of  potassa  and  of  ammonia,  fonning  pale-blue  salts  which  con- 
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tain  6  equivalents  of  water,  and  also  with  ammonia,  generating  a  re- 
markable componnd  of  deep-blue  colour,  capable  of  crystallizing. 

Nitrate  of  copper,  CuO,N05-|-3HO.— The  nitrate  is  easily 
made  by  dissolving  the  metal  in  nitric  acid  ;  it  forms  deep-blue  crys- 
tals, very  soluble  and  deliquescent.  It  is  highly  corrosive.  An  inso- 
luble subnitrate  is  known;  it  is  green.  Nitrate  of  copper  also  com- 
bines with  ammonia. 

Carbonates  of  copper. — When  carbonate  of  soda  is  added  in 
excess  to  a  solution  of  sulphate  of  copper,  the  precipitate  is  at  first 
pale  blue  and  flocculent,  bat  by  warming  it  becomes  sandy,  and  as- 
sumes a  green  tint ;  in  this  state  it  contains  CuO,COo-|-  CuO,HO-l-HO. 
This  substance  is  prepared  as  a  pigment,  The  beautiful  mineral 
malachite  has  a  similar  composition,  but  contains  one  equivalent  of 
water  less.  Another  natural  compound,  not  yet  artificially  imitated, 
occurs  iu  large  transparent  crystals  of  the  most  intense  blue  ;  it  con- 
tains 2(CuO,C02)-|-CuO,HO.  Verditer,  made  by  decomposing  ni- 
trate of  copper  by  chalk,  is  said,  however,  to  have  a  somewhat  simi- 
lar composition. 

Chloride  of  copper,  CuCl-f-2H0. — The  chloride  is  most  easily 
prepared  by  dissolving  the  black  oxide  in  hydroclJoric  acid,  and  con- 
centrating the  green  solution  thence  resulting.  It  forms  green  crystals, 
very  soluble  in  water  and  in  alcohol ;  it  colours  the  flame  of  the  latter 
gi'een.  When  gently  heated,  it  parts  with  its  water  of  crystallization 
and  becomes  yellowish-brown ;  at  a  high  temperature  it  loses  half  its 
chlorine  and  becomes  converted  into  the  subchloride.  The  latter  is 
a  white  fusible  substance,  but  little  soluble  in  water,  and  prone  to 
oxidation  ;  it  is  formed  when  copper-filings  or  copper-leaf  ai^e  put  into 
chlorine  gas. 

Arsen'tte  OP  COPPER;  Schf.ele's  green. — This  is  prepared  by 
mixing  solutions  of  sulphate  of  copper  and  arsenite  of  potassa ;  it  falls 
as  a  bright-green  insoluble  powder. 


The  characters  of  the  protosalts  of  copper  are  well  marked. 

Caustic  potassa  gives  a  pale  blue  precipitate  of  hydrate,  becoming 
blackish-brown  anhydrous  protoxide  on  boiling. 

Ammonia  also  throws  down  the  hydrate ;  but,  when  in  excess,  re- 
dissolves  it,  yielding  an  intense  purplish-blue  solution. 

Carbonates  of  potassa  and  soda  give  pale-blue  precipitates,  insoluble 
in  excess. 

Carbonate  of  ammonia,  the  same,  but  soluble  with  deep-blue  colour. 

Ferrocyanide  of  potassium  gives  a  fine  red-brown  precipitate  of 
ferrocyanide  of  copper. 

Sulphuretted  hydrogen  and  sulphide  of  ammonium  afford  black 
sulphide  of  coj)per. 
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The  alloys  of  copper  are  of  great  importance.  Brass  consists  of 
copper  alloyed  with  from  28  to  34  per  cent,  of  zinc  ;  the  latter  may 
be  added  directly  to  the  melted  coppei-,  or  granulated  copper  may  be 
heated  with  calamine  and  charcoal-powder,  as  in  the  old  process. 
Gun-metal,  a  most  trustworthy  and  valuable  alloy,  consists  of  90 
parts  copper  and  10  tin.  Bell  and  speculum  metal  contain  a  still 
larger  proportion  of  tin  ;  these  are  brittle,  especially  the  last-named. 
A  good  bronze  for  statues  is  made  of  91  parts  copper,  2  parts  tin,  6 
pai-ts  zinc,  and  1  part  lead.  The  hrass  of  the  ancients  is  an  alloy  of 
copper  with  tin. 


LEAD. 

This  abundant  and  useful  metal  is  altogether  obtained  from  the 
native  sulphide,  or  galena,  no  other  lead-ore  being  found  in  quantity. 
The  reduction  is  effected  in  a  reverberatoiy  furnace,  into  which  the 
crushed  lead  ore  is  introduced  and  roasted  for  some  time  at  a  dull  red- 
heat,  by  which  much  of  the  sulphide  becomes  changed  by  oxidation 
to  sulphate.  The  contents  of  the  furnace  are  then  thoroughly  mixed, 
and  the  temperature  raised,  when  the  sulphate  and  sulphide  react 
upon  each  other,  producing  sulphurous  acid  and  metallic  lead.* 

Lead  is  a  soft  bluish  metal,  possessing  very  little  elasticity ;  its 
specific  gravity  is  11'45.  It  may  be  easily  rolled  out  into  jjlates,  or 
dravi?n  into  coarse  wire,  but  has  a  very  trifling  degree  of  strength. 
Lead  melts  at  600°  (315°*5C)  or  a  little  above,  and  at  a  white-heat 
boils  and  volatilizes.  By  slow  cooling  it  may  be  obtained  in  octa- 
hedral crystals.  In  moist  air  this  metal  becomes  coated  with  a  film 
of  grey  matter,  thought  to  be  suboxide,  and  when  exposed  to  the 
atmosphere  in  a  melted  state  it  rapidly  absorbs  oxygen.  Dilute 
acids,  with  the  exception  of  nitric,  act  but  slowly  upon  lead.  Che- 
mists are  familiar  with  four  oxides  of  lead,  only  one  of  which  pos- 
sesses basic  properties. 

The  equivalent  of  lead  is  103*7  ;  its  symbol  is  Pb. 

Protoxide  ;  litharge  ;  massicot  ;  PbO. — This  is  the  product 
of  the  direct  oxidation  of  the  metal.  It  is  most  conveniently  pre- 
pared by  heating  the  cai-bonate  to  dull  redness  ;  common  litharge  is 
impure  protoxide  which  has  undergone  fusion.  Protoxide  of  lead  has 
a  delicate  straw-yellow  colour,  is  very  heavy  and  slightly  soluble  in 
water,  giving  an  alkaline  liquid.  At  a  red-heat  it  melts,  and  tends  to 
crystallize  on  cooling.    In  a  melted  state  it  attacks  and  dissolves 

(  Oxide  of  I  Lead  Free- 

♦Sulphate      lead    1  Oxygen  2  Sulphurous  acid. 

of  lead  j  Sulphuric  J  Sulphur— 
(     acid     I  3  Oxygen  - 

Sulphide  of  lead  .    {  g^''"^  Free. 

PhO,SOj  +  PhS  =  2Pb  +  2S  Jj 
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siliceous  matter  with  astonishing  facility,  often  penetrating  an  earthen 
crucible  in  a  few  minutes.  It  is  easily  reduced  when  heated  with 
organic  substances  of  any  kind  containing  carbon  or  hydrogen.  Prot- 
oxide of  lead  foi-ms  a  large  class  of  salts,  which  are  colourless  if  the 
acid  itself  be  not  coloured. 

Red  oxide;  red-lead;  PbgO^,  or  2PhO  fPbOo.— The  composi- 
tion of  this  substance  is  not  very  constant ;  it  is  prepared  by  expos- 
ing for  a  long  time  to  the  air,  at  a  very  faint  red-heat,  protoxide  of 
lead  which  has  not  heen  fused;  it  is  a  brilliant  red  and  extremely 
heavy  powder,  decomposed  with  evolution  of  oxygen  by  a  strong 
heat,  and  converted  into  a  mixture  of  protoxide  and  binoxide  by 
acids.    It  is  used  as  a  cheap  substitute  for  vermilion. 

Binoxide  of  lead  ;  puce  or  brown  oxide  ;  PbO^. — This  com- 
pound is  obtained  without  difficulty  by  digesting  red-lead  in  dilute 
nitric  acid,  when  nitrate  of  protoxide  is  dissolved  out,  and  insoluble 
binoxide  left  behind  in  the  form  of  a  deep  brown  powder.  The  bin- 
oxide is  decomposed  by  a  red-heat,  yielding  up  one-half  of  its  oxygen. 
Hydrochloric  acid  converts  it  into  chloride  of  lead  with  disengage- 
ment of  chlorine ;  hot  oil  of  vitriol  forms  with  it  sulphate  of  lead, 
and  liberates  oxygen.  The  binoxide  is  very  useful  in  separating 
sulphurous  acid  from  certain  gaseous  mixtures,  sulphate  of  lead  being 
then  produced. 

Suboxide  op  lead,  PbjO. — When  oxalate  of  lead  is  heated  to 
dull  redness  in  a  retort,  a  grey  pulverulent  substance  is  left,  which  is 
resolved  by  acids  into  protoxide  of  lead  and  metal.  It  absorbs  oxygen 
with  great  rapidity  when  heated,  and  even  when  simply  moistened 
with  water  and  exposed  to  the  air. 

Nitrate  op  lead,  PbO,N05. — The  nitrate  may  be  obtained  by 
dissolving  carbonate  of  lead  in  nitric  acid,  or  by  acting  directly  upon 
the  metal  by  the  same  agent  with  the  aid  of  heat ;  it  is,  as  already 
noticed,  a  by-product  in  the  preparation  of  the  binoxide.  It  crystal- 
lizes in  anhydrous  octahedrons,  which  aJfe  usually  milk-white  and 
opaque;  it  dissolves  in  7^  parts  of  cold  water,  and  is  decomposed 
by  heat,  yielding  nitrous  acid,  oxygen,  and  protoxide  of  lead,  which 
obstinately  retains  traces  of  nitrogen.  When  a  solution  of  this  salt 
is  boiled  with  an  additional  quantity  of  oxide  of  lead,  a  portion  of 
the  latter  is  dissolved,  and  a  basic  nitrate  generated,  which  mav  be 
had  in  crystals.  Carbonic  acid  separates  this  excess  of  oxide  in"  the 
form  of  a  white  compound  of  carbonate  and  hydrate  of  lead. 

Neutral  and  basic  compounds  of  oxide  of  lead  with  nitrous,  and 
the  elements  of  hj-ponitric  acid,  have  been  described.  These  last  are 
probably  formed  by  the  combination  of  a  nitrite  with  a  nitrate 

Carbonate  of  lead  ;  white-lead  ;  PbO,C02.— Carbonate  of 
lead  IS  sometimes  found  beautifully  crystallized  in  long  white  needles 
accompanying  other  metallic  ores.    It  may  be  prepared  artificially  by 
precipitating  in  the  cold  a  solution  of  the  nitrate  or  acetate  by  an 
alkaline  carbonate :  when  the  lead  solution  is  boiling,  the  precipitate 
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is  a  basic  salt  containing  2(PbO,CO.j)  +  HO,PbO  ;  it  is  also  manu- 
factured to  an  immense  extent  by  other  means  for  the  use  of  the 
painter.  Pure  carbonate  of  lead  is  a  soft,  white  powder,  of  great 
specific  gravity,  insoluble  in  water,  but  easily  dissolved  by  dilute 
nitric  or  acetic  acid. 

Of  the  many  methods  put  in  practice,  or  proposed,  for  making 
white-lead,  the  two  following  are  the  most  important  and  interesting : 
— One  of  these  consists  in  forming  a  basic  nitrate  or  acetate  of  lead 
by  boiling  finely-powdered  litharge  with  the  neutral  salt.  This 
solution  is  then  brought  into  contact  with  carbonic  acid  gas  :  all  the 
excess  of  oxide  previously  taken  up  by  the  neutral  salt  is  at  once 
precipitated  as  white-lead.  The  solution  strained  or  pi-essed  from 
the  latter  is  again  boiled  with  litharge,  and  treated  with  carbonic 
acid ;  these  processes  being  susceptible  of  indefinite  repetition,  when 
the  little  loss  of  neutral  salt  left  in  the  precipitates  is  compensated. 
The  second,  and  by  far  the  more  ancient  method,  is  rather  more 
complex,  and  at  first  sight  not  very  intelligible.  A  great  number  of 
earthen  jars  are  prepared,  into  each  of  which  is  poured  a  few  ounces 
of  crude  vinegar ;  a  roll  of  sheet-lead  is  then  introduced  in  such  a 
manner  that  it  shall  neither  touch  the  vinegar  nor  project  above  the 
top  of  the  jar.  The  vessels  are  next  arranged  in  a  large  building, 
side  by  side,  upon  a  layer  of  stable  manure,  or,  still  better,  spent-tan, 
and  closely  covered  with  boards.  A  second  layer  of  tan  is  spread 
upon  the  top  of  the  latter,  and  then  a  second  series  of  pots ;  these 
ai-e  in  turn  covered  with  boards  and  decomposing  bark,  and  in  this 
manner  a  pile  of  many  alternations  is  constructed.  After  the  lapse 
of  a  considerable  time  the  pile  is  taken  down  and  the  sheets  of  lead 
removed  and  carefully  unrolled  ;  they  ai'e  then  found  to  be  in  great 
part  converted  into  carbonate,  which  merely  requires  washing  and 
grinding  to  be  fit  for  use.  The  nature  of  this  curious  process  is 
generally  explained  by  supposing  the  vapour  of  vinegar  I'aised  by 
the  high  temperature  of  the  fermenting  matter  merely  to  act  as  a  car- 
rier between  the  carbonic  acid  evolved  Irom  the  tan,  and  the  oxide  of 
lead  formed  under  the  influence  of  the  acid  vapour ;  a  neutral  acetate, 
a  basic  acetate,  and  a  carbonate  being  produced  in  succession,  the 
action  gradually  travelling  from  the  surface  inwards.  The  quantity 
of  acetic  acid  used  is,  in  relation  to  the  lead,  quite  trifling,  and  can- 
not directly  contribute  to  the  production  of  the  carbonate.  A  pre- 
ference is  still  given  to  the  product  of  this  old  mode  of  manufacture 
on  account  of  its  superiority  of  opacity,  or  lody,  over  that  obtained 
by  precipitation.  Commercial  white-lead,  however  prepared,  always 
contains  a  certain  proportion  of  hydrate. 

When  clean  metallic  lead  is  put  into  pure  water  and  exposed  to  the 
atmosphere,  a  white  crystalline,  scaly  powder  begins  to  show  itself 
in  a  few  hours,  and  very  i-apidly  increases  in  quantity.  This  sub- 
stance may  consist  of  hydrated  protoxide  of  lead,  formed  by  the 
action  of  the  oxygen  dissolved  in  the  water  upon  the  lead.    It  is 
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slightly  soluble,  and  may  be  readily  detected  in  the  water.  In 
most  cases,  however,  the  formation  of  this  deposit  is  due  to  the 
action  of  the  carbonic  acid  dissolved  in  the  water  ;  it  consists 
of  carbonate  in  combination  with  hydrate,  and  is  very  insoluble 
in  water.  When  common  river  or  spring  water  is  substituted  for 
the  pm-e  liquid,  this  effect  is  less  observable,  the  little  sulphate, 
almost  invariably  present,  causing  the  deposition  of  a  very  thin 
but  closely  adherent  film  of  sulphate  of  lead  upon  the  surfoce  of  the 
metal,  which  protects  it  from  farther  action.  It  is  on  this  account 
that  leaden  cisterns  are  used  with  impunity,  at  least  in  most  cases, 
for  holding  water;  if  the  latter  were  quite  pure,  it  would  be  speedily 
contaminated  with  lead,  and  the  cistern  be  soon  destroyed.  Natural 
water  highly  charged  with  carbonic  acid  cannot,  under  any  cir- 
cumstances, be  kept  in  lead  or  passed  through  leaden  pipes  with 
safety,  the  carbonate,  though  veiy  insoluble  in  pure  water,  being 
slightly  soluble  in  water  containing  carbonic  acid. 

Chloride  of  lead,  PbCl. — This  salt  is  prepared  by  mixing  strong 
solutions  of  acetate  of  lead  and  chloride  of  sodium ;  or  by  dissolving 
litharge  in  boiling  dilute  hydrochloric  acid,  and  setting  aside  the  fil- 
tered solution  to  cool,  Chloride  of  lead  crystallizes  in  brilliant, 
colourless  needles,  which  require  135  parts  of  cold  water  for  solution. 
It  is  anhydrous ;  it  melts  when  heated,  and  solidifies  on  cooling  to  a 
horn-like  substance. 

Iodide  of  lead,  Pbl. — The  iodide  of  lead  separates  as  a  brilliant 
yellow  precipitate  when  a  soluble  salt  of  lead  is  mixed  with  iodide  of 
potassium.  This  compound  dissolves  in  boiling  water,  yielding  a 
colourless  solution,  which  deposits  the  iodide  on  cooling  in  splendid 
golden-yellow  scales. 


The  soluble  salts  of  lead  thus  behave  with  reagents  : — 
Caustic  potassa  and  soda  precipitate  a  white  hydrate  freely  soluble 
in  excess. 

Ammonia  gives  a  similar  white  precipitate,  not  soluble  in  ex- 
cess.* 

The  carbonates  of  potassa,  soda,  and  ammonia,  precipitate  carbonate 
of  lead,  insoluble  in  excess. 

Sulphuric  acid  or  a  sulphate  causes  a  white  precipitate  of  sulphate 
of  lead,  insoluble  in  nitric  acid. 

Sulphuretted  hydrogen  and  sulphide  of  ammonium  throw  down 
black  sulphide  of  lead. 


An  alloy  of  2  parts  of  lead  and  1  of  tin  constitutes  plumber's  solder; 
these  proportions  reversed  give  a  more  fusible  compoimd  called  fine 
solder.  The  lead  employed  in  the  manufacture  of  shot  is  combined 
with  a  little  arsenic. 

*  Ammonia  gives  no  immediate  precipitate  with  the  acetate. 


SECTION  V. 


OXIDABLE  METALS  PROPER,  WHOSE  OXIDES  FORM  WEAK- 
BASES  OR  ACIDS. 


TIN. 

This  valuable  metal  occurs  in  the  state  of  oxide,  and  more  rarely 
as  sulphide  ;  the  principal  tin  mines  are  those  of  the  Erzgebirge  in 
Saxony  and  Bohemia,  Malacca,  and  more  especially  Cornwall.  In 
Cornwall  the  tin-stone  is  found  as  a  constituent  of  metal  bearing  veins, 
associated  with  copper  ore,  in  granite  and  slate-rocks;  and  as  an 
alluvial  deposit,  mixed  with  rounded  pebbles,  in  the  beds  of  several 
small  rivers.  The  first  variety  is  called  mine-  and  the  second  stream- 
tin.  Oxide  of  tin  is  also  found  disseminated  through  the  rock  itself 
in  small  crystals. 

To  pi'epare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed, 
to  separate  as  much  as  possible  of  the  earthy  matter,  and  roasted  to 
expel  sulphur  and  arsenic;  it  is  then  strongly  heated  with  coal,  and 
the  metal  thus  obtained  cast  into  large  blocks,  which,  after  being 
assayed,  receive  the  stamp  of  the  Duchy.  Two  varieties  of  commer- 
cial tin  are  known,  called  grain-  and  bar-tin ;  the  first  is  the  best ; 
it  is  prepared  from  the  stream  ore. 

Pure  tin  has  a  white  colour,  approaching  to  that  of  silver ;  it  is 
soft  and  malleable,  and  when  bent  or  twisted  emits  a  peculiar  crack- 
ling sound  ;  it  has  a  density  of  7-3  and  melts  at  442°  (227°-77C). 
Tin  is  but  little  acted  iipon  by  air  and  water,  even  conjointly  :  when 
heated  above  its  melting-point  it  oxidizes  rapidly,  becoming  converted 
into  a  whitish  powder,  used  in  the  arts  for  polishing,  under  the  name  of 
putty -powder.  The  metal  is  easily  attacked  and  dissolved  by  hydro- 
chloric acid,  with  evolution  of  hydrogen  :  nitric  acid  acts  with  great 
energy,  converting  it  into  a  white  hydrate  of  the  binoxide.  There 
ai-e  two  well-marked  oxides  of  tin,  which  act  as  feeble  bases  or  acids, 
according  to  circumstances,  and  a  third,  which  has  been  less  studied. 

The  equivalent  of  tin  is  58  ;  its  symbol  is  Sn. 

Protoxide  of  tin,  SnO. — When  solution  of  protochloride  of  tin 
is  mixed  with  carbonate  of  potassa,  a  white  hydrate  of  the  protoxide 
falls,  the  carbonic  acid  being  at  the  same  time  expelled.  When 
this  is  carefully  washed,  dried,  and  heated  in  an  atmosphere  of  car- 
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boaic  acid,  it  loses  water,  and  changes  to  a  dense  black  powder,  which 
is  permanent  in  the  air,  but  takes  foe  on  the  approach  of  a  red-Jiot 
body,  and  burns  like  tinder,  producing  binoxide.  The  hydrate  is 
freely  soluble  in  caustic  potassa ;  the  solution  decomposes  by  keeping 
into  metallic  tin  and  binoxide. 

Sesquioxide  op  tin,  SujOg.— The  sesquioxide  is  produced  by  the 
action  of  hydrated  sesquioxide  of  ii-on  upon  protochloride  of  tin  ;  it 
is  a  greyish,  slimy  substance,  soluble  in  hydrochloric  acid,  and  in 
ammouia.    This  oxide  has  been  but  little  examined, 

Binoxide  of  tin,  SnOj. — This  substance  is  obtained  in  two 
different  states,  having  properties  altogether  dissimilar.  When  bi- 
chloride of  tin  is  precipitated  by  an  alkali,  a  white  bulky  hydrate 
appears,  which  is  freely  soluble  in  acids.  If,  on  the  other  hand,  the 
bichloride  be  boiled  with  excess  of  nitric  acid,  or  if  that  acid  be 
made  to  act  directly  on  metallic  tin,  a  white  substance  is  produced, 
which  refuses  altogether  to  dissolve  in  acids,  and  possesses  properties 
differing  in  other  respects  from  tliose  of  the  fii'st  modification.  Both 
these  varieties  of  binoxide  of  tin  have  the  same  composition,  and 
when  ignited,  leave  the  pure  binoxide  of  a  pale  lemon-yellow  tint. 
Both  dissolve  in  caustic  alkali,  and  are  precipitated  with  unchanged 
properties  by  an  acid.    The  two  hydrates  redden  litmus-paper.* 

Protochloride  of  tin,  SnCl.' — The  protochloride  is  easily  made 
by  dissolving  metallic  tin  in  hot  hydrochloric  acid.  It  crystallizes  in 
needles  containing  2  equivalents  of  water,  which  are  freely  soluble  in  a 
small  quantity  of  water,  but  are  apt  to  be  decomposed  in  part  when 
put  into  a  large  mass,  unless  hydrochloric  acid  in  excess  be  present. 
The  anhydrous  chloride  may  be  obtained  by  distilling  a  mixture  of 
calomel  and  powdered  tin,  prepared  by  agitating  the  melted  metal  in 
a  wooden  box  until  it  solidifies.  The  chloride  is  a  grey,  resinous- 
looking  substance,  fusible  below  redness,  and  volatile  at  a  high  tem- 
perature. Solution  of  protochloride  of  tin  is  employed  as  a  deoxi- 
dizing agent ;  it  reduces  the  salts  of  mercury  and  other  metals  of  the 
same  class. 

Bichloride,  or  perchloride  of  tin,  SnClj. — This  is  an  old 
and  very  curious  compound,  formerly  called /itwm^r  liquor  of  Lihavius. 
It  is  made  by  exposing  metallic  tin  to  the  action  of  chlorine,  or,  more 
conveniently,  by  distilling  a  mixture  of  1  part  of  powdered  tin,  and 
5  parts  of  corrosive  sublimate.  The  bichloride  is  a  thin,  colourless 
mobile  liquid  ;  it  boils  at  248°  (120°C),  and  yields  a  colourless  invisi- 
ble vapour.  It  fumes  in  the  air,  and  when  mixed  with  a  third  part 
of  water,  solidifies  to  a  ci-ystalline  mass.  The  solution  of  bichloride 
is  much  employed  by  the  dyer  as  a  mordant;  it  is  commonly  pre- 
pared by  dissolving  metallic  tin  in  a  mixture  of  hydrochloric  and 

*  Fremy  has  called  the  first  of  these  oxides  stannic  acid  SnOo.  The 
Bccond  he  has  named  metastiinnic  acid  SujOio,  See  also  H  Rose  Voss 
Ann.  Ixxv.  I,  who  thmks  that  there  are  other  modifications  of  this  oxide 
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nitric  acids,  care  being  taken  to  avoid  too  great  elevation  of  tempera- 
ture. 

Sulphides  of  tin. — Protosulphide,  SnS,  is  prepared  by  fusing 
tin  with  excess  of  sulphur,  and  strongly  heating  the  product.  It  is 
a  lead-grey,  brittle  substance,  fusible  at  a  red-heat,  and  soluble  with 
evolution  of  sulphuretted  hydrogen  in  hot  hydrochloric  acid.  A 
sesquisulphide  may  be  formed  by  gently  heating  the  above  compound 
with  a  third  of  its  weight  of  sulphur ;  it  is  yellowish-grey,  and  easily 
decomposed  by  heat.  Bisulphide,  SnS^,  or  Mosaic  gold,  is  prepared 
by  exposing  to  a  low  red-heat,  in  a  glass  flask,  a  mixture  of  12  parts 
of  tm,  6  of  mercury,  6  of  sal-ammoniac,  and  7  of  flowers  of  sulphur. 
Sal-ammoniac,  cinnabar,  and  protochloride  of  tin  sublime,  while  the 
bisulphide  remains  at  the  bottom  of  the  vessel  in  the  fonn  of  brilliant 
gold-coloured  scales  ;  it  is  used  as  a  substitute  for  gold-powder. 

Salts  of  tin  are  thus  distinguished  : — 

Protoxide, 

Caustic  alkalis  ;  white  hydrate  soluble  in  excess. 
Ammonia :  carbonates  of  1  -rtn      i    i    ,  ,    .     ,  , ,  . 

potassa,  soda,  and  am-   W^'**^  ^^^'"'^^^  ""^'^^  '"^o^^We  m 


moma 


excess. 


Sulphuretted  hydrogen  In,,        .  .,  ,     ^      ,     ,  ... 
Sulphide  of  ammom\im  /  p  ecpitate  of  protosulphide. 

Binoxide. 

Caustic  alkalis  ;  white  hydrate  soluble  in  excess. 
Ammonia  ;  white  hydrate,  slightly  soluble  in  excess. 
Alkaline  cai'bonates  ;  white  hydrates,  slightly  soluble  in  excess. 
Carbonate  of  ammonia;  white  hydrate,  insoluble. 
Sulphuretted  hydrogen  ;  yellow  precipitate  of  sulphide. 
Sulphide  of  ammonium  ;  the  same,  soluble  in  excess. 

Terchloride  of  gold,  added  to  a  dilute  solution  of  protochloride  of 
tin,  gives  rise  to  a  brownish-purple  precipitate,  called  purple  of 
Cassiiis,Yei-j  chai-acteristic,  the  nature  of  which  is  not  thoroughly  under- 
stood ;  it  is  supposed  to  be  a  combination  of  oxide  of  gold  and 
sesquioxide  of  tin,  in  which  the  latter  acts  as  an  acid.  Heat  resolves 
it  into  a  mixture  of  metallic  gold  and  binoxide  of  tin.  Purple  of 
Cassius  is  employed  in  enamel-painting. 


The  useful  applications  of  tin  are  very  numerous.  Tinned-plate 
consists  of  iron  supei-ficially  alloyed  with  this  metal ;  pewter,  of  the 
best  kind,  is  chiefly  tin,  hardened  by  the  admixture  of  a  little  anti- 
mony, &c.  Cooking-vessels  of  copper  are  usually  tinned  in  the  in- 
terior. 


MOLYBDENUM. 
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TUNGSTEN  (WOLFRAMIUM). 

Tungsten  is  found,  as  tungstate  of  protoxide  of  iron,  in  the  mine- 
nd  icolfmm,  tolerably  abundant  in  Cornwall ;  a  native^  tungstate  of 
lime  is  also  occasionally  met  with.  Metallic  tungsten  is  obtained  in 
the  state  of  a  dark-grey  powder,  by  strongly  heating  tungstic  acid 
in  a  stream  of  hydrogen,  but  requires  for  fusion  an  exceedingly- high 
temperature.  It  is  a  white  metal,  very  hard  and  brittle ;  it  has  a 
density  of  17"4.  Heated  to  redness  in  the  air,  it  takes  fire,  and  re- 
produces tungstic  acid. 

The  equivalent  of  tungsten  is  92,  its  symbol  is  W  (wolframium). 

BiNoxiDE  OF  TUNGSTEN,  WO^. — This  is  most  easily  prepared  by 
exposing  tungstic  acid  to  hydrogen,  at  a  temperature  which  does  not 
exceed  dull  redness.  It  is  a  brown  powder,  sometimes  assuming  a 
aystalline  appearance  and  an  imperfect  metallic  lusti-e.  It  takes  fire 
when  heated  in  the  air,  and  burns,  like  the  metal  itself,  to  tungstic 
acid.    The  binoxide  forms  no  salts  with  acids. 

Tungstic  acid,  WO3. — When  tungstate  of  lime  can  be  obtained, 
simple  digestion  in  hot  nitric  acid  is  sufficient  to  remove  the  base,  and 
liberate  the  tungstic  acid  in  a  state  of  tolerable  purity  ;  its  extraction 
from  wolfram,  which  contains  tungstic  acid  or  oxide  of  tungsten  in 
association  with  the  oxides  of  iron  and  manganese,  is  more  difficult. 
Tungstic  acid  is  a  yellow  powder,  insoluble  in  water,  and  freely  dis- 
solved by  caustic  alkalis.  When  strongly  ignited  in  the  open  air,  it 
assumes  a  greenish  tint. 

InTBRMEDJATE  or  blue  oxide  of  TITNGSTEN,  W2O5,  =  WOjjWOj. 

■ — This  substance  is  obtained  by  heating  tungstate  of  ammonia,  or  by 
exposing  the  brown  binoxide  to  the  action  of  hydrogen  at  a  veiy  low 
temperature.  The  same  compound  appears  to  be  produced  if  tungstic 
acid  be  separated  from  one  of  its  salts,  by  hydrochloric  acid,  and  the 
liquid  be  digested  with  metallic  zinc,  when  the  solution  or  the  preci- 
pitate assumes  a  beautiful  blue  colom-,  which  is  veiy  characteristic  of 
this  metal. 

Two  chlorides  and  two  sulphides  of  tungsten  are  known  to  exist. 


MOLYBDENUM. 

Metallic  molybdenum  is  obtained  by  exposing  molybdic  acid  in  a 
charcoal  lined  crucible  to  the  most  intense  heat  that  can  be  obtained. 
It  is  a  white,  brittle,  and  exceedingly-infusible  metal,  having  a  density 
of  8'G,  and  oxidizing,  when  heated  in  the  air,  to  molybdic  acid. 

The  equivalent  of  molybdenum  is  46  ;  its  symbol  is  Mo. 

Protoxide  of  molybdenum,  MoO.— Molybdate  of  potassa  is 
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mixed  with  excess  of  hydrochloric  acid,  by  which  the  molybdic  acid 
first  precipitated  is  redissolved ;  into  this  acid  sohition  zinc  is  put :  a 
mixture  of  chloride  of  zinc  and  protochloride  of  molybdenum  results. 
A  large  quantity  of  caustic  potassa  is  then  added,  which  precipitates  a 
black  hydrate  of  the  protoxide  of  molybdenum,  and  retains  in  solution 
tlie  oxide  of  zinc.  The  freshly-precipitated  protoxide  is  soluble  in 
acids  and  in  carbonate  of  ammonia ;  when  heated  in  the  air,  it  burns 
to  binoxide. 

BiNOXiDE  OF  MOLYBDENUM,  M0O2.— This  IS  obtained  in  the  an- 
hydrous condition  by  heating  molybdate  of  soda  with  sal-ammoniac, 
the  molybdic  acid  being  reduced  to  binoxide  by  the  hydrogen  of  the 
ammoniacal  salt;  or,  in  a  hydrated  condition,  by  digesting  metallic 
copper  in  a  solution  of  molybdic  acid  in  hydrochloric  acid,  until  the 
liquid  assumes  a  red  colour,  and  then  adcUng  a  large  excess  of  am- 
monia. The  anhydrous  binoxide  is  deep  brown,  and  insoluble  in 
acids ;  tlie  hydrate  resembles  hydrate  of  sesquioxide  of  iron,  and  dis- 
solves in  acids,  yielding  red  solutions.  It  is  converted  into  molybdic 
acid  by  strong  nitric  acid. 

Molybdic  acid,  M0O3. — The  native  bisulphide  of  molybdenum  is 
roasted,  at  a  red-heat,  in  an  open  vessel,  and  the  impure  molybdic 
acid  thence  resulting  dissolved  in  ammonia.  The  filtered  solution  is 
evaporated  to  dryness,  the  salt  taken  up  by  water,  and  purified  by 
crystallization.  It  is,  lastly,  decomposed  by  heat,  and  the  ammonia 
expelled.  Molybdic  acid  is  a  white  crystalline  powder,  fusible  at  a 
red-heat,  and  slightly  soluble  in  water.  It  is  dissolved  with  ease  by 
the  alkalis.  It  forms  two  series  of  salts,  namely,  neutral  molybdates 
MO,Mo03,  and  acid  molybdates  MO,2Mo03.  Three  chlorides,  and  as 
many  sulphides  of  molybdenum,  are  described. 

VANADnjM. 

Vanadium  is  found,  in  small  quantity,  in  one  of  the  Swedish  iron 
ores,  and  also  as  vanadate  of  lead.  It  has  also  been  discovered  in 
the  iron  slag  of  Staffordshire.  The  most  successful  process  for  ob- 
taining the  metal  is  said  to  be  the  following : — The  liquid  chloride  of 
vanadium  is  introduced  into  a  bulb,  blown  in  a  glass  tube,  and  dry 
ammoniacal  gas  passed  over  it ;  the  latter  is  absorbed,  and  a  white 
saline  mass  produced.  When  this  is  heated  by  the  flame  of  a  spirit- 
lamp,  chloride  of  ammonium  is  volatilized,  and  metallic  vanadium 
left  behind.  It  is  a  white  brittle  substance,  of  perfect  metallic 
lastre,  and  a  very  high  degree  of  infusibility ;  it  is  neither  oxidized 
by  air  nor  water,  nor  attacked  by  sulphmic,  hydrochloric,  or  even 
hydrofluoric  acid ;  aqua  regia  dissolves  it,  yielding  a  deep-blue 
solution. 

The  equivalent  of  vanadium  is  68"6  ;  its  symbol  is  V. 
Protoxide  of  vanadium,  VO. — This  is  prepai-ed  by  heating 
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vanadic  acid  in  contact  with  chai'coal  or  hydrogen;  it  has  a  black 
colour  and  imperfect  metallic  lustre,  conducts  electricity,  and  is  very 
infusible.  Heated  in  the  air,  it  burns  to  binoxide.  Nitric  acid  pro- 
duces the  same  effect,  a  blue  nitrate  of  the  binoxide  being  generated. 
It  does  not  form  salts. 

BmoxiDE  OF  VANADIUM,  VO^.— The  binoxide  is  obtained  by 
heating  a  mixture  of  10  parts  protoxide  of  vanadium,  and  12  of  va- 
nadic acid  in  a  vessel  filled  with  carbonic  acid  gas ;  or  by  adding  a 
slight  excess  of  carbonate  of  soda  to  a  salt  of  the  binoxide ;  in  the 
latter  case  it  falls  as  a  greyish-white  hydrate,  readily  becoming  brown 
by  absorption  of  oxygen.  The  anhydrous  oxide  is  a  black  insoluble 
powder,  convertible  by  heat  and  air  into  vanadic  acid.  It  forms  a 
series  of  blue  salts,  which  have  a  tendency  to  become  gi-een  and  ulti- 
mately red,  by  the  production  of  vanadic  acid.  Binoxide  of  vanadium 
also  unites  with  alkalis. 

Vanadic  acid,  VO3. — The  native  vanadate  of  lead  is  dissolved 
in  nitric  acid,  and  the  lead  and  arsenic  precipitated  by  sulphuretted 
hydj'ogen,  which  at  the  same  time  reduces  the  vanadic  acid  to  bin- 
oxide of  vanadium.  The  blue  filtered  solution  is  then  evaporated  to 
dryness,  and  the  residue  digested  in  ammonia,  which  dissolves  out 
the  vanadic  acid  reproduced  during  evapoi'ation.  Into  this  solution 
a  lump  of  sal-ammoniac  is  put ;  as  that  salt  dissolves,  vanadate  of 
ammonia  subsides  as  a  white  powder,  being  scarcely  soluble  in  a  satu- 
rated solution  of  chloride  of  ammonium.  By  exposure  to  a  tem- 
perature below  redness  in  an  open  crucible,  the  ammonia  is  expelled, 
and  vanadic  acid  left.  It  has  a  ,  dark-red  colour,  and  melts  even 
below  a  red  heat ;  water  dissolves  it  sparingly,  and  acids  with  greater 
ease;  the  solutions  easily  suffer  deoxidation.  It  unites  with  bases, 
forming  a  series  of  red  or  yellow  salts,  of  which  those  of  the  alkalis 
ai'e  soluble  in  water. 

Chlorides  of  vanadium. — The  bichloride  is  prepared  by  digest- 
ing vanadic  acid  in  hydrochloric  acid,  passing  a  stream  of  sulphur- 
etted hycb'ogen,  and  evaporating  the  whole  to  dryness.  A  brown 
residue  is  left,  which  yields  a  blue  solution  with  water  and  an  in- 
soluble oxichloride.  The  terchloride  is  a  yellow  liquid  obtained  by 
passing  chlorine  over  a  mixture  of  protoxide  of  vanadium  and  char- 
coal. It  is  converted  by  water  into  hydrochloric  and  vanadic  acids. 
Two  sulphides,  corresponding  to  the  chlorides,  exist. 


tantalum  (columbidm). 

This  is  an  exceedingly  rare  substance ;  it  is  found  m  the  minerals 
tantahto  and  yttro-tcmtalite,  and  may  be  obtained  pure  by  heating 
with  potassium  the  double  fluoride  of  tantalum  and  potassium  It  is 
a  grey  metal,  but  little  acted  on  by  the  ordinary  acids,  and  burnin<. 
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to  taatalic  acid  when  heated  in  the  air,  or  when  fused  with  hydrate 
of  potassa. 

The  ecjuivalent  of  tantalum  is  184;  its  symbol  is  T. 

BiNOXiDE  OF  TANTALUM,  TO2.— When  tantalic  acid  is  heated 
to  whiteness  in  a  crucible  Imed  with  charcoal,  the  gi-eater  jiart  is  con- 
verted into  this  substance.  It  is  a  dark-brown  powder,  insoluble  in 
acids,  and  easily  changed  by  oxidation  to  tantalic  acid, 

Tantalic  acid,  TO3.— The  powdered  ore  is  fused  with  three  or 
four  times  its  weight  of  carbonate  of  potassa,  and  the  product  digested 
with  water ;  from  this  solution  acids  precipitate  a  white  hydrate  of 
the  body  in  question.  It  is  sohible  in  acids,  but  forms  with  them  no 
definite  compounds ;  with  alkalis  it  yields,  on  the  contraiy,  crystalliz- 
able  salts.    The  specific  gravity  of  the  acid  varies  from  7-03  to  8-26. 


NIOBIUM  AND  PELOPIUM. 

The  oxides  of  these  two  metals  exist  in  the  tantalite  of  Bodenmais, 
in  Bavaria.  When  the  supposed  tantalic  acid  fiom  this  source  is 
mixed  with  dry  powdered  charcoal,  and  heated  to  redness  in  a  cui-rent 
of  chlorine  gas,  a  sublimate  is  obtained  of  a  yellow,  readily  fusible, 
and  very  volatile  substance,  the  chloride  of  pelopium,  and  a  white, 
infusible,  less  volatile  body,  the  chloride  of  niobium.  The  true  chlo- 
ride of  tantalum,  from  the  Finland  tantalite,  much  resembles  chloride 
of  pelopium.  The  American  tantalite  contains  uiobic,  pelopic,  and 
tungstic  acids,  the  former  in  greatest  quantity. 

All  these  clilorides  are  decomposed  by  water,  with  production  of 
hydrochloric  acid  and  the  insoluble  acids  of  the  metals  in  the  hydrated 
state.  In  properties  these  bodies  greatly  resemble  each  other.  When 
heated  to  redness,  they  exhibit  strongly  the  phenomenon  of  incandes- 
cence. While  hot,  tantalic  acid  remains  white,  pelopic  acid  is  ren- 
dered slightly  yellowish,  and  has  a  specific  gravity  varying  from  5'79 
to  6-37,  and  niobic  acid  becomes  dark  yellow,  with  a  specific  gravity 
between  4-56  and  5'26. 

Tantalum,  niobium,  and  pelopium  may  be  obtained  in  a  finely- 
divided  metallic  state  by  the  action  of  ammonia  on  their  respective 
chloi'ides  at  a  high  temperature.    So  prepared,  they  are  black,  pul- 
verulent, not  acted  on  by  water,  but  bui-ning,  when  heated  in  the  air, . 
to  acids. 

TITANIUM. 

Crystallized  oxide  of  titanium  is  found  in  nature  in  the  forms  of 
titduite  and  anatase.  Occasionally  in  the  slag  adherent  to  the  bottom 
of  blast-furnaces  in  which  iron  ore  is  reduced  small  brilliant  co])per- 
coloured  cubes,  hard  enough  to  scratch  glass,  and  in  the  highest 
degree  infusible,  are  found.    This  substance,  of  which  a  single  smelt- 
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ing  furnace  in  the  Hartz  produced  as  much  as  80  pounds,  was  formerly 
believed  to  be  metallic  titanium.  Recent  researches  of  Wohler, 
however,  have  shown  it  to  be  a  combination  of  cyanide  of  titanium  with 
nitride  of  titanium.  When  these  crystals  are  powdered,  mixed  with 
hydrate  of  potassa  and  fused,  ammonia  is  evolved,  and  titanate  of 
potassa  is  formed.  Metallic  titanium  in  a  finely-divided  state  may 
be  obtained  by  heating  fluoride  of  titanium  and  potassium  with  potas- 
sium. There  are  two  compounds  of  this  substance  with  oxygen;  viz., 
an  oxide  and  an  acid :  very  little  is  known  respecting  the  former. 

The  equivalent  of  titanium  is  25 ;  its  symbol  is  Ti. 

Titanic  acid,  TiOj. — Titanite,  or  titaniferous  iron  ore,  is  reduced 
to  fine  jwwder,  and  fused  with  twice  its  weight  of  carbonate  of 
potassa,  powdered,  dissolved  in  dilute  hydrofluoric  acid,  when  titano- 
fluoride  oi'  titanium  and  potassium  soon  begins  to  separate.  From  its 
hot  aqueous  solution  snow-like  titanate  of  ammonia  is  precipitated  by 
ammonia,  which  is  easily  soluble  in  hydi'ochloric  acid,  and  when 
ignited  gives  pure  titanic  acid.  When  pure  the  acid  is  quite  white  : 
it  is,  when  recently  precipitated  from  solutions,  soluble  in  acids,  but 
the  solutions  are  decomposed  by  mere  boiling.  After  ignition  it  is 
no  longer  soluble,  passing  over  into  metatitanic  acid.  Titanic  acid, 
on  the  whole,  very  much  resembles  silica,  and  is  probably  often  over- 
looked and  confounded  with  that  substance  in  analytical  researches. 

BlCiiLOKiDE  OF  TITANIUM. — This  is  a  colourless,  volatile  liquid, 
resembling  bichloride  of  tin  ;  it  is  obtained  by  passing  chlorine  over 
a  mixture  of  titanic  acid  and  charcoal  at  a  high  temperature.  It 
unites  very  violently  with  water.  On  passing  the  vapour  with  hy- 
drogen through  a  red-hot  tube,  hydrochloric  acid  and  a  new  compound 
Ti2Cl3  are  fonned. 

ANTIMONY. 

This  important  metal  is  found  chiefly  in  the  state  of  sulphide. 
The  ore  is  freed  by  fusion  from  earthy  impurities,  and  is  afterwards 
decomposed  by  heating  with  metallic  iron  or  carbonate  of  potassa, 
which  retains  the  sulphur.  Antimony  has  a  bluish-white  colour  and 
strong  lustre ;  it  is  extremely  brittle,  being  reduced  to  powder  with 
the  utmost  ease.  Its  specific  gravity  is  6-8  ;  it  melts  at  a  temperature 
just  short  of  redness,  and  boils  and  volatilizes  at  a  white-heat.  This 
metal  has  always  a  distinctly  crystalline,  platy  stracture,  but  by  par- 
ticular management  it  may  be  obtained  in  crystals,  which  are  rhom- 
bohedral.  Antimony  is  not  oxidized  by  the  air  at  common  tempera! 
tures ;  strongly  heated,  it  burns  with  a  white  flame,  producing  ter- 
oxide,  which  is  often  deposited  in  beautiful  crystals.  It  is  dissolved 
by  hot  hydrochloric  acid  with  evolution  of  hydrogen  and  production 
of  terchloride.  Nitric  acid  oxidizes  it  to  antimonic  acid,  which  is  in 
soluble  in  that  menstruum.    There  are  three  compounds  of  antimony 
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and  oxygen;  the  first  has  doubtful  basic  properties,  the  second  is 
indifferent,  and  the  third  is  an  acid. 

The  equivalent  of  antimony  is  129.  Its  symbol  is  Sb  (stibium). 
Teroxide  op  antimony,  SbOg. — This  compound  may  be  prepared 
by  several  methods :  as  by  burning  metallic  antimony  at  the  bottom 
of  a  large  red-hot  crucible,  in  which  case  it  is  obtained  in  brilliant 
crystals  ;  or  by  pouring  solution  of  tei-chloride  of  antimony  into  water, 
and  digesting  the  resulting  precipitate  with  a  solution  of  carbonate  of 
soda.  The  teroxide  thus  produced  is  anhydrous ;  it  is  a  pale  buff- 
coloured  powder,  fusible  at  a  red-heat,  and  volatile  in  a  close  vessel, 
but  in  contact  with  air,  it,  at  a  high  temperature,  absorbs  oxygen,  and 
becomes  changed  to  the  intermediate  oxide.  There  exist  a  sulphate, 
nitrate,  and  oxalate  of  teroxide  of  antimony.  When  boiled  with 
cream  of  tartar  (bitartrate  of  potassa),  it  is  dissolved,  and  the  solution 
yields  on  evaporation  ciystals  of  tartar-emetic,  which  is  almost  the 
only  compound  of  teroxide  of  antimony  with  an  acid  which  bears  ad- 
mixture with  water  without  decomposition.  An  impure  oxide  for  this 
pui-pcse  is  sometimes  prepared  by  carefully  roasting  the  powdered 
sulphide  in  a  reverberatory  furnace,  and  raising  the  heat  at  the  end 
of  the  process,  so  as  to  fuse  the  product ;  it  has  long  been  known 
under  the  name  of  glass  of  antimony. 

Intermediate  oxide,  t>b04  =  Sb03,Sb05. — This  is  the  ultimate 
product  of  the  oxidation  of  the  metal  by  heat  and  air ;  it  is  a  greyish- 
white  powder,  infusible,  and  destitute  of  volatility;  it  is  insoluble 
in  water  and  in  acids,  except  when  recently  precipitated.  When 
treated  with  tartaric  acid  or  bitartrate  of  potassa,  teroxide  of  antimony 
is  dissolved,  antimonic  acid  remaining  behind;  alkalis,  on  the  other 
hand,  remove  antimonic  acid,  teroxide  of  antimony  being  left. 

Antimonic  acid,  SbOj.— When  strong  nitric  acid  is  made  to  act 
upon  metallic  antimony,  the  metal  is  oxidized  to  its  highest  point, 
and  antimonic  acid  produced,  which  is  insoluble.  By  exposure 'to  a 
heat  short  of  redness,  it  is  rendered  anhydrous,  and  then  presents  the 
appearance  of  a  pale  straw-coloured  powder,  insoluble  in  water  and 
acids.  It  is  decomposed  by  a  red-heat,  yielding  the  intermediate 
oxide,  with  loss  of  oxygen. 

Antimonic  acid  is  likewise  obtained  by  decomposing  pentachlo- 
ride  of  antimony  and  an  excess  of  water,  when,  together  with  the 
metallic  acid,  hydrochloric  acid  is  produced.  The  hydrated  anti- 
monic acid  produced  by  the  two  processes  mentioned,  differs  in 
many  of  its  properties,  and  especially  in  its  deportment  with  bases. 
The  substance  produced  by  nitric  acid  is  monobasic,  producing 
salts  of  the  formula  MO.SbOj,  the  other  is  bibasic,  and  forms 
two  series  of  salts  of  the  composition  2MO,Sb05  and  M0,H0,Sb05. 
In  order  to  distinguish  the  two  modifications,  M.  Fremy,  who 
first  pointed  out  the  bibasic  nature  of  the  acid  obtained  from  the 
pentachloride,  has  proposed  to  distinguish  it  as  metiintimonic  acid. 
Among  the  salts  of  the  latter,  an  acid  metantimonate  of  potassa 
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KO,HO,Sb05+6HO,  is  to  be  noticed,  which  yields  a  precipitate  with 
soda-salts.  It  is  the  only  reagent  which  precipitates  soda,  but  must  be 
employed  with  great  care  and  circumspection.  It  is  obtained  by 
fusing  antimonic  acid  with  an  excess  of  potassa  in  a  silver  crucible, 
dissolving  the  fused  mass  in  a  small  quantity  of  cold  water,  and 
allowing  it  to  crystallize  in  vacuo.  The  crystals  which  form  are  met- 
antimonate  of  potassa  2KO,Sb05,  which,  when  dissolved  in  pure 
water,  are  decomposed  into  free  potassa  and  acid  metantimouate. 

TeRCHLORIDE  of  antimony  ;  BUTTER  OF  ANTIMONY  ;  SbClg.  

This  substance  is  produced  when  sulphuretted  hydrogen  is  prepared 
by  the  action  of  strong  hydrochloric  acid  on  tersulphide  of  antimony. 
The  impure  and  highly-acid  solution  thus  obtained  is  put  into  a  retort 
and  distilled  until  each  drop  of  the  condensed  product,  on  falling  into 
the  aqueous  liquid  of  the  receiver,  produces  a  copious  white  precipi- 
tate. The  receiver  is  then  changed,  and  the  distillation  continued. 
Pure  terchloride  of  antimony  passes  over,  and  solidifies  on  cooling  to  a 
white  and  highly-crystalline  mass,  from  which  the  air  requires  to  be 
carefully  excluded.  The  same  compound  is  formed  by  distilling 
metallic  antimony  in  powder  with  2^  times  its  weight  of  corrosive 
sublimate.  Terchloride  of  antimony  is  very  deliquescent ;  it  dissolves 
in  strong  hydrochloric  acid  without  decomposition,  and  the  solution 
poured  into  water  gives  rise  to  a  white  bulky  precipitate,  which,  after 
a  short  time,  becomes  highly  crystalline,  and  assumes  a  pale  fawn 
colour.  This  is  the  old  powder  of  Algaroth ;  it  is  a  compound  of  ter- 
chloride and  teroxide  of  antimony.  Alkaline  solutions  extract  the 
chloride  and  leave  teroxide  of  antimony.  Finely-powdered  antimony 
thrown  into  chlorine  gas  inflames. 

Pentachloride  of  antimony,  corresponding  to  antimonic  acid, 
is  formed  by  passing  a  stream  of  chlorine  gas  over  gently-heated 
metallic  antimony :  a  mixture  of  the  two  chlorides  results,  which 
may  be  separated  by  distillation.  The  pentachloride  is  a  coloui'less 
volatile  liquid,  which  forms  a  crystalline  compound  with  a  small  por- 
tion of  water,  but  is  decomposed  by  a  larger  quantity  into  antimonic 
and  hydrochloric  acids. 

Tersulphide  of  antimony;  crude  antimon?;  SbSg. — The 
native  sulphide  is  a  lead-grey,  brittle  substance,  having  a  radiated 
crystalline  texture,  and  is  easily  fusible.  It  may  be  prepared  ai-ti- 
ficially  by  melting  together  antimony  and  sulphur.  When  a  solution 
of  tartar-emetic  is  precipitated  by  sulphuretted  hydrogen,  a  brick-red 
precipitate  falls,  which  is  the  same  substance  combined  with  a  little 
water.  If  the  precipitate  be  dried  and  gently  heated,  the  water  may 
be  expelled  without  other  change  of  colour  than  a  little  dai-kening, 
but  at  a  higher  temperature  it  assumes  the  colour  and  aspect  of  the 
native  sulphide.  This  remarkable  change  probably  indicates  a  pas- 
sage from  the  amorphous  to  the  crystalline  condition. 

When  powdered  tersulphide  of  antimony  is  boiled  in  a  solution  of 
caustic  potassa,  it  is  dissolved,  teroxide  of  antimony  and  sulphide  of 
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potassium  being  produced.  The  latter  unites  witli  an  additional 
quantity  of  tersulphide  of  antimony  to  a  soluble  sulphur-salt,  in 
which  the  sulphide  of  potassium  is  the  sulphur-base,  and  the  ter- 
sulphide of  antimony  is  the  sulphur-acid. 

I  3  eq.  potassium    |3  eq.  sulphide 

3  eq.  potassaj  ""'^       jof  potassium. 

j  3  eq.  oxygen 
Tersulphide  /  3  eq.  sulphur 

.of  antimony!  1  eq.  antimony  ^""^  iV^'  ^roxide 

(of  antimony. 

3KO-|-HG3  =  3KG-)-H03. 

The  teroxide  of  antimony  separates  in  small  crystals  from  the  boil- 
ing solution  when  the  latter  is  concentrated,  and  the  sulphur-salt  dis- 
solves an  extra  proportion  of  tersulphide  of  antimony,  which  it  again 
deposits  on  cooling  as  a  red  amorphous  powder,  containing  a  small 
admixture  of  teroxide  of  antimony  and  sulphide  of  potassium.  This 
is  the  kermes  mineral  of  the  old  chemists.  The  filtered  solution 
mixed  with  an  acid  gives  a  salt  of  potassa,  sulphuretted  hydrogen, 
and  precipitated  tersulphide  of  antimony.  Kennes  may  also  be  made 
by  fusing  a  mixture  of  5  parts  tersulphide  of  antimony  and  3  of  dry 
carbonate  of  soda,  boiling  the  mass  in  80  parts  of  water,  and  filtering 
while  hot ;  the  compound  separates  on  cooling. 

Pentasdxphide  of  antimonv,  SbSj,  formerly  called  sulphur  au- 
ratum,  also  exists;  it  is  a  sulphur-acid.  18  parts  finely-powdered 
tersulphide  of  antimony,  17  parts  dry  carbonate  of  soda,  13  parts 
Ume  in  the  state  of  hydrate,  and  3j  parts  sulphur,  are  boiled  for  some 
hours  in  a  quantity  of  water ;  carbonate  of  lime,  antimonate  of  soda, 
pentasulphide  of  antimony,  and  sulphide  of  sodium  are  produced. 
The  first  is  insoluble,  and  the  second  partially  so ;  the  two  last-named 
bodies,  on  the  contrary,  unite  to  a  soluble  sulphur-salt,  which  may  by 
evaporation  be  obtained  in  beautiful  crystals.  A  solution  of  this 
substance,  mixed  with  dilute  sulphuric  acid,  fm-nishes  sulphate  of 
soda,  sulphuretted  hydrogen,  and  pentasulphide  of  antimony,  which 
falls  as  a  golden-yellow  flocculent  precipitate. 

Antimonetted  hydrogen. — A  compoimd  of  antimony  and  hydro- 
gen exists,  but  has  not  been  isolated ;  when  zinc  is  put  into  a  solu- 
tion of  teroxide  of  antimony,  and  sulphuric  acid  added,  part  of 
the  hydrogen  combines  with  the  antimony.  This  gas  burns  with 
a  greenish  flame,  giving  rise  to  white  fumes  of  teroxide  of  antimony. 
When  the  gas  is  conducted  through  a  red-hot  glass  tube  of  narrow 
dimensions,  or  burned  with  a  limited  supply  of  air,  such  as  is  the 
case  when  a  cold  porcelain  surface  is  pressed  into  the  flame,  metallic 
antimony  is  deposited. 

The  few  salts  of  antimony  soluble  in  water  are  amply  characterized 
by  the  orange  or  brick-red  precipitate  with  sulphuretted  hydi-ogen, 
which  is  soluble  in  solution  of  sulphide  of  ammonium,  and  again  jjre- 
cipitated  by  an  acid. 
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Besides  its  application  to  medicine,  antimo^iy  is  of  great  importance 
in  the  arts  of  life,  inasmuch  as  it  forms  with  lead  type-metal.  This 
alloy  expands  at  the  moment  of  solidifying,  and  takes  an  exceedingly 
sliarp  impression  of  the  mould.  It  is  remarkable  that  both  its  con- 
stituents shrink  under  similar  circumstances,  and  make  very  bad 
castings.  Tersulphide  of  antimony  enters  into  the  composition  of  the 
blue  signal-light,  used  at  sea.* 


TELLUEIQM. 

This  metal,  or  semi-metal,  is  of  very  rare  occurrence  ;  it  is  found  in 
a  few  scarce  minei-als  in  association  with  silver,  lead,  and  bismuth, 
apparently  replacing  sulphur,  and  is  most  easily  extracted  from  the 
sulpho-telluride  of  bismuth  of  Chemnitz,  in  Hungary.  The  finely- 
powdered  ore  is  mixed  with  an  equal  weight  of  dry  carbonate  of  soda, 
the  mixtiu'e  made  into  a  paste  with  oil,  and  heated  to  whiteness  in  a 
closely-covered  cmcible.  Telluride  and  sulphide  of  sodium  are  pro- 
duced, and  metallic  bismuth  set  fi-ee.  The  fused  mass  is  dissolved  in 
water  and  the  solution  freely  exposed  to  the  air,  when  the  sodium  and 
sulphiu'  oxidize  to  caustic  soda  and  hyposulphite  of  soda,  while  the 
tellurium  separates  in  the  metallic  state.  Tellurium  has  the  colour 
and  lustre  of  silver ;  by  fusion  and  slow  cooling  it  may  be  made  to 
exhibit  the  form  of  rhombohedral  crystals  similar  to  those  of  antimony 
and  arsenic.  It  is  brittle,  and  a  comparatively  bad  conductor  of  heat 
and  electricity ;  it  has  a  density  of  6'26,  melts  at  a  little  below  a  red- 
heat,  and  volatilizes  at  a  higher  temperature.  Tellurium  burns  when 
heated  in  the  air,  and  is  oxidized  by  niti-ic  acid.  Two  compoimds  of 
this  substance  with  oxygen  are  known,  having  acid  properties ;  they 
much  resemble  the  acids  of  arsenic. 

The  equivalent  of  tellurium  is  64'2  ;  its  symbol  is  Te. 

TELLURO0S  ACID,  TeOj.— This  is  obtained  by  burning  tellurium 
in  the  air,  or  by  heating  it  in  fine  powder  with  nitric  acid  of  1-25  spe- 
cific gravity  ;  a  solution  is  rapidly  formed,  from  which  white  anhydrous 
octahedral  crystals  of  tellui-ous  acid  are  deposited  on  standing.  The 
acid  is  fusible  at  a  red-heat,  and  slightly  volatile  at  a  higher  tempera- 
ture; it  is  but  feebly  soluble  in  water  or  acids,  easily  dissolved  by 
alkalis,  and  reduced  when  heated  with  carbon  or  hydrogen.  A  hy- 
drate of  tellurous  acid  is  thrown  down  when  tellurite  of  potassa  is 
mixed  with  a  slight  excess  of  nitric  acid  ;  it  is  a  white  powder,  soluble 
to  a  certain  extent  in  water,  and  reddens  litmus. 

Telluric  acid,  TeOj.— Equal  parts  of  tellurous  acid  and  car- 

*  Blue  or  Bengal  light : 

Dry  nitrate  of  potassa      ....   6  parts 

Sulphur  '2 

Tersulphide  of  antimony  .      .   "  .    '  .    1  p^Vt. 
All  in  fine  powder,  and  intimately  mi.xcd. 
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bonate  of  soda  are  fused,  «iiid  the  product  dissolved  in  water;  a  little 
hydrate  of  soda  is  added,  and  a  sti-eam  of  chlorine  passed  through  the 
solution.  The  liquid  is  next  saturated  with  ammonia,  and  mixed 
with  solution  of  chloride  of  barium,  by  which  a  white  insoluble  preci- 
pitate of  tellurate  of  baryta  is  thrown  down.  This  is  washed  and 
digested  with  a  quarter  of  its  weight  of  sulphuric  acid,  diluted  with 
water.  The  filtered  solution  gives,  on  evaporation  in  the  air,  large 
crystals  of  telluric  acid. 

Telluric  acid  is  fi-eely,  although  slowly,  soluble  in  water;  it  has  a 
metallic  taste,  and  reddens  litmus-paper.  When  the  crystals  are 
strongly  heated,  they  lose  water,  and  yield  the  anhydrous  acid,  which  is 
then  insoluble  in  water,  and  even  in  a  boiling  alkaline  liquid.  At  the 
temperature  of  ignition,  tellm-ic  acid  loses  oxygen,  and  passes  into 
tellurous  acid.  The  salts  of  the  alkalis  are  soluble,  but  do  not  crys- 
tallize ;  those  of  the  earths  are  nearly,  or  quite,  insoluble. 

There  ai-e  two  chlorides  of  tellurium,  and  also  a  hydrate,  which 
closely  resembles  sulphuretted  hydrogen. 


ARSENIC. 

Arsenic  is  sometimes  found  native  :  it  occm-s  in  considerable  quan- 
tity as  a  constituent  of  many  minerals,  combined  with  metals,  sulphur 
and  oxygen.  lu  the  oxidized  state  it  has  been  found  in  very  minute 
quantity  in  a  great  many  mineral  waters.  The  largest  proportion 
is  derived  from  the  roasting  of  natural  arsenides  of  iron,  nickel,  and 
cobalt :  the  operation  is  conducted  in  a  reverberatory  furnace,  and  the 
volatile  products  condensed  in  a  long  and  nearly  horizontal  chimney, 
or  in  a  kind  of  tower  of  brickwork,  divided  into  numerous  chambers. 
The  crude  arsenious  acid  thus  produced  is  purified  by  sublimation,  and 
then  heated  with  charcoal  in  a  retort ;  the  metal  h  reduced,  and 
readily  sublimes. 

Arsenic  has  a  steel-grey  colour,  and  high  metallic  lustre ;  it  is  crys- 
talline and  very  brittle ;  it  tarnishes  in  the  air,  but  may  be  preserved 
unchanged  in  pure  water.  Its  density  is  5'7  to  5  9.  When  heated, 
it  volatilizes  without  fusion,  and,  if  <air  be  present,  oxidizes  to  arsenious 
acid.  The  vapom*  has  the  ocjour  of  garlic.  This  substance  combines 
with  metals  in  the  same  manner  as  sulphur  and  phosphorus,  which  it 
resembles,  especially  the  latter,  in  many  respects.  With  oxygen  it 
unites  in  two  proportions,  giving  rise  to  arsenious  and  arsenic  acids. 
There  is  no  basic  oxide  of  arsenic. 

The  equivalent  of  arsenic  is  75 ;  its  symbol  is  As. 

Arsenious  acid;  white  oxide  of  arsenic;  AsOj.— The  origin 
of  this  substance  is  mentioned  above.  It  is  commonly  met  with  in 
the  form  of  a  heavy,  white,  glassy-looking  substance,  with  smooth 
conchoidal  fracture,  which  has  evidently  undergone  fusion.  When 
freshly  prepared,  it  is  often  transparent,  but  by  keeping  becomes 
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opaqiie,  at  the  same  time  slightly  diminishing^in  density,  and  acqxiinno; 
a  greater  degree  of  solubility  m  water.  100  parts  of  that  liquid  dis- 
solve, at  212'^  (100<^C),  about  11-5  parts  of  the  opaque  variety;  the 
largest  portion  sepai-ates,  however,  on  cooling,  having  about  3  parts 
dissolved:  the  solution  feebly  reddens  litmus.  Cold  water,  agitated 
with  powdered  arsenious  acid,  takes  up  a  still  smaller  quantity. 
Alkalis  dissolve  this  substance  freely,  forming  arsenites ;  also  _  com- 
poLinds  with  ammonia,  baiyta,  strontia,  lime,  magnesia,  and  oxide  of 
manganese,  have  been  formed  ;  it  is '  also  easily  soluble  in  hot  hydro- 
chloric acid.  The  vapour  of  arsenious  acid  is  colourless  and  inodorous  ; 
it  crystallizes  on  solidifying  in  brilliant  transparent  octabedi'ons. 
The  acid  itself  has  a  feeble  sweetish  and  astringent  taste,  and  is  a 
most  fearful  poison. 

Arsenic  acid,  AsOj. — Powdered  arsenious  acid  is  dissolved  in 
hot  hydrocliloric  acid,  and  oxidized  by  the  addition  of  nitric  acid, 
the  latter  being  added  as  long  as  red  vapours  are  produced ;  the  whole 
is  then  cautiously  evaporated  to  complete  dryness.  The  acid  thus 
produced  is  white  and  anhydrous.  Put  into  water,  it  slowly  but 
completely  dissolves,  giving  a  highly-acid  solution,  which,  on  being 
evaporated  to  a  syrupy  consistence,  deposits,  after  a  time,  hydrated 
crystals  of  arsenic  acid.  When  strongly  heated,  it  is  decomposed  into 
arsenious  acid  and  oxygen  gas. 

This  substance  is  a  very  powerful  acid,  comparable  with  phos- 
phoric, which  it  resembles  in  the  closest  manner,  forming  salts  strictly 
isomorphous  with  the  corresponding  phosphates ;  it  is  also  tribasic. 
An  arsenate  of  soda,  2NaO,HO,AsOj  +  24HO,  indistinguishable 
in  appeai'ance  from  common  phosphate  of  soda,  may  be  prepared  by 
adding  the  carbonate  to  a  solution  of  arsenic  acid,  until  an  alkaline 
reaction  is  apparent,  and  then  evaporating.  This  salt  also  crystallizes 
with  14  equivalents  of  water.  Another  arsenate,  3NaO,As05-|- 
24HO,  is  produced  when  carbonate  of  soda  in  excess  is  fused  with 
arsenic  acid,  or  when  the  preceding  salt  is  mixed  with  caustic  soda. 
A  third,  NaO,2HO,As05-f  2H0,  is  made  by  substituting  an  excess 
of  arsenic  acid  for  the  solution  of  alkali.  The  allcaline  arsenates 
which  contain  basic  water  lose  the  latter  at  a  red-heat,  but  unlike 
the  phosphates,  recover  it  when  again  dissolved.*  The  salts  of  the 
alkalis  ai-e  soluble  in  water;  those  of  the  earths  and  other  metallic 
oxides  are  insoluble,  but  are  dissolved  by  acids.  The  precipitate 
with  nitrate  of  silver  is  highly  characteristic  of  arsenic  acid ;  it  is 
reddish-brown. 

Three  Sctlphides  of  arsenic  are  known.  Bealgar,  AsSj,  occurs 
native;  it  is  fonned  artificially,  by  heating  arsenic  acid  with  the 
proper  proportion  of  sulphur.  It  is  an  orange-red,  fusible,  and 
volatile  substance,  employed  in  painting  and  by' the  pyrotechnist  in 
making  white-fire.  Orpiment,  AsSg,  which  is  also  a  natural  product  of 
the  mineral  kingdom,  is  made  by  fusing  arsenic  acid  with  excess  of 
*  Graham,  Elements,  p.  630,  first  edition. 
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sulphur,  or  by  precipita^ng  a  solution  of  the  acid  by  sulphuretted 
hydrogen.  It  is  a  golden-yellow  crystalline  substance,  fusible  and 
volatile  by  heat.  A  higher  sulphide,  AsSj,  corresponding  to  arsenic 
acid,  is  produced  wlien  sulphuretted  hydi'ogen  is  transmitted  through 
a  solution  of  arsenic  acid.  The  solution  of  arsenic  acid  is  not  imme- 
diately precipitated,  the  pentasulphide  being  deposited  only  after 
some  hours'  standing.  Its  precipitation  is  considerably  accelerated  by 
ebullition.  It  is  a  yellow  fusible  substance,  capable  of  sublimation. 
Realgar,  oi-piment,  and  pentasulphide  of  arsenic  are  sulphur-acids. 

Arsenic  unites  with  chlorine,  iodine,  &c.  The  terchloride,  AsCl^, 
is  formed  by  distilling  a  mixture  of  1  part  of  arsenic,  and  6  parts  of 
corrosive  sublimate;  it  is  a  colourless,  volatile  liquid,  decomposed  by 
water  into  arsenious  and  hydrochloric  acids.  The  same  substance  is 
produced,  with  disengagement  of  heat  and  light,  when  powdered 
arsenic  is  thrown  into  chlorine  gas.  The  iodide,  Aslg,  is  formed  by 
heating  metallic' arsenic  with  iodine;  it  is  a  deep-red  crystalline  sub- 
stance, capable  of  sublimation.  The  bromide  and  fluoride  are  both 
liquid. 

Arsenic  also  combines  with  hydrogen,  forming  a  gaseous  compound, 
AsHg,  analogous  to  phosphoretted  hydrogen.  It  is  obtained  pure  by 
the  action  of  strong  hydrochloric  acid  on  an  alloy  of  equal  parts  of 
zinc  and  arsenic,  and  is  produced  in  greater  or  less  proportion  when- 
ever hydrogen  is  set  free  in  contact  with  arsenious  acid.  Arsenetted 
hydrogen  is  a  colourless  gas,  of  2*695  specific  gravity,  slightly  soluble 
in  water,  and  havmg  the  smell  of  garlic.  It  burns  when  kindled 
■with  a  blue  flame,  generating  arsenious  acid.  It  is  also  decomposed 
by  transmission  through  a  red-hot  tube.  Many  metallic  solutions  are 
precipitated  by  this  substance.  It  is,  when  inhaled,  exceedingly  poi- 
sonous, even  in  very  minute  quantity. 


Arsenious  acid  is  distinguished  by  characters  which  cannot  be  mis- 
understood. 

Nitrate  of  silver,  mixed  with  a  solution  of  arsenious  acid  in  water, 
occasions  no  precipitate,  or  merely  a  faint  cloud ;  but  if  a  little  alkali, 
as  a  drop  of  ammonia,  be  added,  a  yellow  precipitate  of  arsenite  of 
silver  immediately  falls.  The  precipitate  is  exceedingly  soluble  in 
excess  of  ammonia;  that  substance  must,  therefore,  be  added  with 
great  caution ;  it  is  likewise  very  soluble  in  nitric  acid. 

Sulphate  of  copper  gives  no  precipitate  with  solution  of  arsenious 
acid,  until  the  addition  has  been  made  of  a  little  alkali,  when  a  bril- 
liant yellow-green  precipitate  (Scheele's  green)  falls,  which  also  is 
very  soluble  in  excess  of  ammonia. 

Sulphuretted  hvdrogen  passed  into  a  solution  of  ai-senious  acid, 
to  which  a  few.  drops  of  hydrochloric  or  sulphuric  acid  have  been 
added,  occasions"  the  production  of  a  copious  bright-yellow  precipitate 
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of  orpiment,  which  is  dissolved  with  facility*hy  ammonia,  and  repre- 
cipitated  by  acids. 

Solid  arsenious  acid,  heated  by  the  blowpipe  in  a  narrow  glass  tube 
with  small  fragments  of  dry  charcoal,  affords  a  sublimate  of  metallic 
arsenic  in  the  shape  of  a  brilliant  steel-grey  metallic  ring.  A  portion 
of  this,  detached  by  the  point  of  a  Imife  and  heated  in  a  second  glass 
tube,  with  access  of  air,  yields,  in  its  turn,  a  sublimate  of  colourless, 
ti-anspareut,  octahedral  crystals  of  arsenious  acid. 

All  these  experiments,  which  jointly  give  demonstrative  proof ^  of 
the  presence  of  the  substance  in  question,  may  be  performed,  with 
perfect  pi'ecision  and  certaiaty,  upon  exceedingly  small  quantities  of 
material. 

The  detection  of  arsenious  acid  in  complex  mixtures  containing  or- 
ganic matter  and  common  salt,  as  beer,  gruel,  soup,  &c.,  or  the  fluid 
contents  of  the  stomach  in  cases  of  poisoning,  is  a  very  far  more  diffi- 
cult problem,  but  one  which  is,  unfortunately,  often  required  to  be 
solved.  These  organic  matters  interfere  completely  with  the  liquid 
tests,  and  render  their  indications  worthless.  Sometimes  the  difficulty 
may  be  eluded  by  a  diligent  search  in  the  suspected  liquid,  and  in  the 
vessel  containing  it,  for  fragments  or  powder  of  solid  arsenious  acid, 
which,  from  its  small  degree  of  solubility,  often  escape 
solution,  and  from  the  high  density  of  the  substance  may  pig^  i4£. 
be  found  at  the  bottom  of  the  vessels  in  which  the  fluids 
are  contained.  If  anything  of  the  land  be  found,  it  may 
be  washed  by  decantation  with  a  little  cold  water,  dried, 
and  then  reduced  with  charcoal.  For  the  latter  purpose, 
a  small  glass  tube  is  taken,  having  the  figure  represented 
in  the  maa'gin ;  white  Germtm  glass,  free  from  lead,  is 
to  be  preferred.  The  arsenious  acid,  or  what  is  sus- 
pected to  be  such,  is  di-opped  to  the  bottom,  and  co- 
vered with  splinters  or  little  fragments  of  charcoal,  the 
tube  being  filled  to  the  shoulder.  The  whole  is  gently 
heated,  to  expel  any  moisture  that  may  be  present  in 
the  charcoal,  and  the  deposited  water  wiped  from  the 
interior  of  the  tube  with  bibulous  paper.  The  narrow  n" 
part  of  the  tube  containing  the  charcoal,  from  a  to  6,  \ 
is  now  heated  by  the  blowpipe  flame;  when  red-hot 
the  tube  is  inclined,  so  that  the  bottom  also  may  become 
heated.  The  arsenious  acid,  if  present,  is  vaporized, 
and  reduced  by  the  charcoal,  and  a  ring  of  metallic 
arsenic  deposited  on  the  cool  part  of  the  tube.  To 
complete  tlie  experiment,  the  tube  may  be  melted  at  « 
by  the  point  of  tlie  flame,  drawn  off,  and  closed,  and  the  arsenic 
oxidized  to  arsenious  acid,  by  chasing  it  up  and  down  by  the  heat 
of  a  small  spirit-lamp.  A  little  water  may  afterwards  be  introduced, 
and  boded  in  the  tube,  by  which  the  arsenious  acid  will  be  dissolved 
and  to  this  solution  the  tests  of  nitrate  of  silver  and  ammonia' 
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sulphate  of  copper  and  ammonia,  and  sulphuretted  hydrogen,  may  be 
applied. 

When  the  search  for  solid  arsenious  acid  fails,  the  liquid  itself  must 
be  examined ;  a  tolerably-limpid  solution  must  be  obtained,  from 
which  the  arsenic  may  be  precipitated  by  sulphuretted  hydrogen,  and 
the  orpiment  collected,  and  reduced  to  the  metallic  state.  It  is  in 
the  first  part  of  this  operation  that  the  chief  difficulty  is  found  ;  such 
organic  mixtures  refuse  to  filter,  or  filter  so  slowly,  as  to  render  some 
method  of  acceleration  indispensable.  Boiling  with  a  little  caustic 
potassa  or  acetic  acid  will  sometimes  effect  this  object.  The  following 
is  an  outline  of  a  plan,  which  has  been  found  successful  in  a  variety 
of  cases,  in  which  a  very  small  quantity  of  arsenious  acid  had  been 
purposely  added  to  an  organic  mixture.  Oil  of  vitriol,  itself  perfectly 
free  from  arsenic,  is  mixed  with  the  suspected  liquid,  in  the  pro- 
portion of  about  a  measured  ounce  to  a  pint,  having  been  previously 
diluted  with  a  little  water,  and  the  whole  is  boiled  in  a  flask  for  half 
an  hour,  or  until  a  complete  separation  of  solid  and  liquid  matter  be- 
comes manifest.  The  acid  converts  any  starch  that  may  be  present 
into  dextrin  and  sugar;  it  coagulates  completely  albuminous  sub- 
stances, and  casein,  in  the  case  of  milk,  and  brings  the  whole  in  a 
very  short  time  into  a  state  in  which  filtration  is  both  easy  and  rapid. 
Through  the  filtered  solution,  when  cold,  a  current  of  sulphuretted 
hydrogen  is  transmitted,  and  the  liquid  is  wanned,  to  facilitate  the 
deposition  of  the  tersulphide,  which  falls  in  combination  with  a  large 
quantity  of  oi-ganic  matter,  which  often  communicates  to  it  a  dirty 
colour.  This  is  collected  upon  a  small  filter,  and  washed.  It  is  next 
transferred  to  a  capsule,  and  heated  with  a  mixture  of  nitric  and 
hydrochloric  acids,  by  which  the  organic  impm-ities  are  in  a  great 
measm-e  destroyed,  and  the  arsenic  oxidized  to  arsenic  acid.  The 
solution  is  evaporated  to  dryness,  the  soluble  part  taken  up  by  dilute 
hydrochloric  acid,  and  then  the  solution  saturated  with  sulphurous 
acid,  whereby  the  arsenic  acid  is  reduced  to  the  state  of  arsenious 
acid,  the  sulphurous  being  oxidized  to  sulphuiic  acid.  The  solu- 
tion of  arsenious  acid  may  be  precipitated  by  sulphuretted  hydrogen 
without  any  difficulty.  The  liquid  is  warmed,  and  the  precipitate 
washed  by  decantation,  and  dried.  It  is  then  mixed  with  black-flux, 
and  heated  in  a  small  glass  tube,  similar  to  that  already  described, 
with  similar  precautions;  a  ring  of  reduced  arsenic  is  obtained, 
which  may  be  oxidized  to  arsenious  acid,  and  farther  examined.  The 
black-flux  is  a  mixture  of  carbonate  of  pot;\ssa  and  charcoal,  obtained 
by  calcining  cream  of  tartar  in  a  close  crucible ;  the  alkali  transforms 
the  sulphide  into  arsenious  acid,  the  charcoal  subsequently  effecting 
the  deoxidation.  A  mixture  of  anhydrous  carbonate  of  soda  and  char- 
coal may  be  substituted  with  advantage  for  the  common  black-flux, 
as  it  is  less  hygroscopic. 

Other  methods  of  proceeding,  different  in  principle  from  the  fore- 
going, have  been  proposed,  as  that  of  the  late  Mr.  Marsh,  which  is 
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exceedingly  delicate.  The  suspected  liquid  is  acidulated  with  sul- 
phuric acid  and  placed  in  contact  with  metallic  zinc ;  the  hydrogen 
reduces  the  arsenious  acid  and  combines  with  the  arsenic,  if  any  be 
present.  The  gas  is  burned  at  a  jet,  and  a  piece  of  glass  or  porcelain 
held  in  the  flame,  when  any  admixture  of  arsenetted  hydrogen  is 
at  once  known  by  the  production  of  a  brilliant  black  metallic  spot  of 
reduced  arsenic  on  the  porcelain. 

It  has  been  observed  (page  344)  that  antimonetted  hydrogen  gives 
a  similar  result.  In  order  to  distinguish  the  two  substances,  the  gas 
may  be  passed  into  a  solution  of  nitrate  of  silver.  Both  gases  give 
rise  to  a  black  precipitate,  which,  in  the  case  of  antimonetted  hydro- 
gen, consists  of  antimonide  of  silver,  AggSg,  whilst  it  is  pure  silver 
in  the  case  of  arsenetted  hydrogen,  the  arsenic  being  then  converted 
into  arsenious  acid,  which  combines  with  a  portion  of  oxide  of  silver. 
The  arsenite  of  silver  remains  dissolved  in  the  nitric  acid  which  is 
liberated  by  the  precipitation  of  the  silver,  and  may  be  thrown  down 
with  its  characteiistic  yellow  colour  by  adding  ammonia  to  the  liquid 
filtered  off  from  the  black  precipitate. 

A  convenient  form  of  Marsh's  instrument  is  that  shown  in  the  draw- 
ing; it  consists  of  a  bent  tube,  having  two  bulbs  blown  upon  it,  fitted 
with  a  stop-cock  and  narrow  jet.  Slips  of  zinc  are  put  into  the  lower 
bulb,  which  is  afterwards  filled  with  the  liquid  to  be  examined.  Ou 
replacing  the  stop-cock,  closed,  the 
gas  collects  and  forces  the  fluid 
into  the  upper  bulb,  which  then 
acts  by  its  hydrostatic  pressure, 
and  expels  the  gas  through  the 
jet  so  soon  as  the  stop-cock  is 
opened.  It  must  be  borne  in 
mind  that  both  common  zinc  and 
sulphuric  acid  often  contain  traces 
of  arsenic. 

A  slip  of  copper-foil  boiled  in 
the  poisoned  liquid,  previously 
acidulated  with  hydrochloric  acid, 
withdraws  the  arsenic  and  becomes 
covered  with  a  white  alloy.  By 
heating  the  metal  in  a  glass  tube, 
the  arsenic  is  expelled,  and  oxi- 
dized to  arsenious  acid. 


Fig.  147. 
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SECTION  VI. 
METALS  WHOSE  OXIDES  ARE  REDUCED  BY  HEAT. 


SILVER. 

Silver  is  found  in  the  metallic  state,  in  union  with  sulphur,  and 
also  as  chloride  and  bromide.  Among  the  principal  silver  mines  may 
be  mentioned  those  of  the  Hartz  mountains  in  Germany,  of  Kongs- 
berg  in  Norway,  and,  more  pai-ticularly,  of  the  Andes  in  both  North 
and  South  America. 

The  greater  part  of  the  silver  of  commerce  is  extracted  from  ores  so 
]ioor  as  to  render  any  process  of  smelting  or  fusion  inapplicable,  even 
where  fuel  could  be  obtained,  and  this  is  often  difficult  to  be  procured. 
Recourse,  therefore,  is  had  to  another  method,  that  of  amalgamation, 
founded  on  the  easy  solubility  of  silver  and  many  other  metals  in 
metallic  mercury. 

The  amalgamation-process,  as  conducted  in  Gennany,  diffei-s  some- 
what from  that  in  use  in  America.  The  ore  is  crushed  to  powder, 
mixed  with  a  quantity  of  common  salt,  and  roasted  at  a  low  red-heat 
in  a  suitable  furnace,  by  which  treatment  any  sulphide  of  silver  it 
may  contain  is  converted  into  chloride.  The  mixture  of  earthy  matter, 
oxides  of  iron,  copper,  soluble  salts,  chloride  of  silver,  and  metallic 
silver,  is  sifted  and  put  into  large  barrels,  made  to  revolve  on  axes, 
with  a  quantity  of  water  and  scraps  of  iron,  and  the  whole  agitated 
together  for  some  time,  during  which  the  iron  reduces  the  chloride  of 
silver  to  the  state  of  metal.  A  certain  proportion  of  mercuiy  is  then 
introduced,  and  the  agitation  repeated  ;  the  mercury  dissolves  out  tlie 
silver,  together  with  gold,  if  there  be  any,  metallic  copper,  and  other 
substances,  forming  a  fluid  amalgam  easily  separable  from  the  thin 
mud  of  earthy  matter  by  subsidence  and  washing.  This  amalgam  is 
strained  through  strong  linen  cloth,  and  the  solid  portion  exposed  to 
heat  in  a  kind  of  retort,  by  which  the  remaining  mercury  is  distilhd 
off  and  the  silver  left  behind  in  an  impure  condition. 

A  considerable  quantity  of  silver  is  obtained  from  argentiferons 
galena  ;  in  fact,  almost  every  specimen  of  native  sulphide  of  lead  will 
be  found  to  contain  traces  of  this  metal.  When  the  proportion  rises 
to  a  certain  amount  it  becomes  worth  extracting.  Tlie  ore  is  reduced 
in  the  usual  manner,  the  whole  of  the  silver  remaining  with  the  lead ; 
the  latter  is  then  re-melted  in  a  large  vessel,  and  allowed  slowly  to 
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cool  until  solidification  commences.  The  portion  which  first  crystal- 
lizes is  nearly  pure  lead,  the  alloy  with  silver  being  more  fusible  than 
lead  itself ;  by  particular  management  this  is  di-ained  away,  and  is 
found  to  contain  nearly  the  whole  of  the  silver.  This  rich  mass  is 
next  exposed  to  a  red-heat  on  the  shallow  hearth  of  a  furnace,  while 
a  stream  of  air  is  allowed  to  impinge  upon  its  surface  :  oxidation  takes 
place  with  great  rapidity,  the  fused  oxide  or  litharge  being  constantly 
swept  from  the  metal  by  the  blast.  When  the  greater  part  of  the 
lead  has  been  thus  removed,  the  residue  is  transferred  to  a  cupel  or 
shallow  dish  made  of  bone-ashes,  and  again  heated ;  the  last  of  the 
lead  is  now  oxidized,  and  the  oxide  sinks  in  a  melted  state  into  the 
porous  vessel,  while  the  silver,  almost  chemically  pure,  and  exhibiting 
a  brilliant  surface,  remains  behind. 

Pure  silver  may  be  easily  obtained.  The  metal  is  dissolved  in 
nitric  acid  ;  if  it  contain  copper,  the  solution  will  have  a  blue  tint ; 
gold  will  remain  undissolved  as  a  black  powder.  The  solution  is 
mixed  with  hydrochloric  acid  or  with  common  salt,  and  the  white,  in- 
soluble curdy  precipitate  of  chloride  of  silver  washed  and  dried.  This 
is  then  mixed  with  about  twice  its  weight  of  anhydrous  carbonate  of 
soda,  and  the  mixture,  placed  in  an  earthen  crucible,  gradually  raised 
to  a  temperature  approaching  whiteness,  during  which  the  carbonate 
of  soda  and  the  chloride  react  upon  each  other,  carbonic  acid  and 
oxygen  escape,  while  metallic  silver  and  chloride  of  sodium  result ; 
the  former  fuses  into  a  button  at  the  bottom  of  the  crucible,  and  is 
easily  detached. 

Pure  silver  has  a  most  perfect  white  colour  and  a  high  degree  of 
lustre ;  it  is  exceedingly  malleable  and  ductile,  and  is  probably  the 
best  conductor  both  of  heat  and  electricity  known.  Its  specific  gravity 
is  10"5.  In  hardness  it  lies  between  gold  and  copper.  It  melts  at  a 
bright  red-heat,  about  1873°  (102ooC),  according  to  the  observations 
of  Mr.  Daniell.  -Silver  is  unalterable  by  air  and  moisture  ;  it  refuses 
to  oxidize  at  any  temperature,  but  possesses  the  extraordinary  faculty, 
already  noticed  in  an  earlier  part  of  the  work,  of  absorbing  many  times 
its  volume  of  oxygen  when  sti-ongly  heated  in  an  atmosphere  of  that 
gas,  or  in  common  air.  This  oxygen  is  again  disengaged  at  the 
moment  of  solidification,  and  gives  rise  to  the  peculiar  arborescent 
appearance  often  remarked  on  the  surface  of  masses  or  buttons  of  pure 
silver.  The  addition  of  2  per  cent,  of  copper  is  sufficient  to  prevent 
this  absorption  of  oxygen.  Silver  oxidizes  when  heated  with  fusible 
siliceous  matter,  as  glass,  which  it  stains  yellow  or  orange,  from  the 
formation  of  a  silicate.  It  is  little  attacked  by  hydrochloric  acid  • 
boiling  oil  of  vitriol  converts  it  into  sulphate  with  evolution  of  sulphur- 
ous acid ;  nitric  acid,  even  dilute  and  in  the  cold,  dissolves  it 
readily.  The  tiu-nishing  of  surfaces  of  silver  exposed  to  the  air  is  due 
to  sulphuretted  hydrogen,  the  metal  having  a  strong  attraction  for 
sulphur.  There  are  three  oxides  of  silver,  one  of  which  is  a  powerful 
base  isomorphous  with  potassa,  soda,  and  oxide  of  ammonium. 

2  A  * 
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The  equivalent  of  silver  is  108  ;  its  symbol  is  Ag  (argentum). 

Suboxide  of  silver,  Ag^O.  —  When  dry  citrate  of  silver  is 
heated  to  212°  (100°C)  in  a  stream  of  hydrogen  gas,  it  loses  oxygen 
and  becomes  dark  brown.  The  product,  dissolved  in  water,  gives  a 
dark-coloured  solution  containing  free  citric  acid  and  citrate  of  the 
suboxide  of  silver.  The  suboxide  is  then  precipitated  by  potassa 
It  is  a  black  powder,  very  easily  decomposed,  and  soluble  in  am- 
monia. The  solution  of  citrate  is  rendered  colourless  by  heat,  being 
resolved  into  a  salt  of  the  protoxide  and  metallic  silver. 

Protoxide  of  silver,  AgO.— Caustic  potassa  added  to  a  solution 
of  nitrate  of  silver  throws  down  a  pale-brown  precipitate,  which  con- 
sists of  protoxide  of  silver.  It  is  very  soluble  in  ammonia,  and  is  dis- 
solved also  to  a  small  extent  by  pure  water  ;  the  solution  is  alkaline. 
Recently-precipitated  chloride  of  silver,  boiled  in  a  solution  of  caustic 
potassa  of  specific  gravity  1-25,  according  to  the  observation  of  Dr. 
Gregory,  is  converted,  although  with  difficulty,  into  oxide  of  silver, 
which  in  this  case  is  black  and  very  dense.  The  protoxide  of  silver 
neutralizes  acids  completely,  and  forms,  for  the  most  part,  colourless 
salts.  It  is  decomposed  by  a  red-heat,  with  evolution  of  oxygen, 
spongy  metallic  silver  being  left ;  the  sun's  i-ays  also  effect  its  decom- 
position to  a  small  extent. 

Peroxide  of  silver. — This  is  a  black  crystalline  substance  which 
forms  upon  the  positive  electrode  of  a  voltaic  arrangement  employed 
to  decompose  a  solution  of  nitrate  of  silver.  It  is  reduced  by  heat, 
evolves  chlorine  when  acted  upon  by  hydrochloi'ic  acid,  explodes 
when  mixed  with  phosphorus  and  struck,  and  decomposes  solution 
of  ammonia  with  great  energy  and  rapid  disengagement  of  nitrogen 
gas. 

Nitrate  of  silver,  AgO,N05. — The  nitrate  is  prepared  by  di- 
rectly dissolving  silver  in  nitric  acid  and  evaporating  the  solution  to 
dryness,  or  until  it  is  strong  enough  to  crystallize  on  cooling.  The 
crystals  are  colourless,  transparent,  anhydrous  tables,  soluble  in  an 
equal  weight  of  cold,  and  in  half  that  quantity  of  boiling  water  ;  they 
also  dissolve  in  alcohol.  They  fuse  when  heated  like  those  of  nitre, 
and  at  a  higher  temperature  suffer  decomposition  ;  the  lunar  caustic 
of  the  surgeon  is  nitrate  of  silver  which  has  been  melted  and  poured 
into  a  cylindrical  mould.  The  salt  blackens  when  exposed  to  light, 
more  particularly  if  organic  matters  of  any  kind  be  present,  and  is 
frequently  employed  to  communicate  a  dark  stain  to  the  hair;  it 
enters  into  the  composition  of  the  "  indelible"  ink  used  for  marking 
linen.  The  black  stain  has  been  thought  to  be  metallic  silver ;  it  may 
possibly  be  suboxide.  Pure  nitrate  of  silver  may  be  prepared  from 
the  metal  alloyed  with  copper:  the  alloy  is  dissolved  in  nitric  acid, 
the  solution  evaporated  to  dryness,  and  the  mixed  nitrates  cautiously 
heated  to  fusion.  A  small  portion  of  the  melted  mass  is  removed 
from  time  to  time  for  examination  ;  it  is  dissolved  in  water,  filtered, 
and  ammonia  added  to  it  in  excess.    While  any  copper  salt  remains 
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undecomi)osed,  the  liquid  will  be  blae,  but  when  that  no  longer  hap- 
pens, the  nitrate  may  be  suffered  to  cool,  dissolved  in  water,  and 
filtered  from  the  insoluble  black  oxide  of  copper. 

Sulphate  op  silver,  AgO,S03.— The  sulphate  may  be  prepared 
by  boiling  together  oil  of  vitriol  and  metallic  silver,  or  by  precipitating 
a  concentrated  solution  of  nitrate  of  silver  by  an  alkaline  sulphate. 
It  dissolves  in  88  parts  of  boiling  water,  and  separates  in  great 
measure  in  a  ciystalline  foi-m  on  cooling,  having  but  a  feeble  degree  of 
solubility  at  a  low  temperature.  It  forms  a  crystallizable  compound 
with  ammonia,  freely  soluble  in  water,  containing  AgO,S03-|- 
2NH3. 

Eijposulphate  of  Silver,  AgOjSjOj+HO,  is  a  soluble  crystalliz- 
able salt,  permanent  in  the  air.  The  hyposulphite  is  insoluble,  white, 
and  very  pj'one  to  decomposition ;  it  combines  with  the  alkaline  hypo- 
sulphites, foiTuing  soluble  compounds  distinguished  by  an  intensely 
sweet  taste.  The  alkaline  hyposulphites  dissolve  both  oxide  and  chlo- 
ride of  silver,  and  give  rise  to  similai"  salts,  an  oxide  or  chloride  of  the 
alkaline  metal  being  at  the  same  time  formed.  Carbonate  of  silver  i.s 
a  white  insoluble  substance  obtained  by  mixing  solutions  of  nitrate  of 
silver  and  of  carbonate  of  soda.  It  is  blackened  and  decomposed  by 
boiling. 

Chloride  of  silver,  AgCl. — This  substance  is  almost  invariably 
produced  when  a  soluble  salt  of  silver  and  a  soluble  chloride  are 
mixed.  It  falls  as  a  white  curdy  precipitate,  quite  insoluble  in  water 
and  nitric  acid  ;  but  one  part  of  chloride  of  silver  is  soluble  in  200  pai-ts 
of  hydrochloric  acid  when  concentrated,  and  in  about  600  parts 
when  diluted  with  double  its  weight  of  water.  When  heated  it 
melts,  and  on  cooling  becomes  a  greyish  crystalline  mass,  which 
cuts  like  horn ;  it  is  found  native  in  this  condition,  constituting 
the  horn-silver  of  the  mineralogist.  Chloride  of  silver  is  decomposed 
by  light  both  in  a  djy  and  wet  state,  very  slowly  if  pure,  and  quickly 
if  organic  matter  be  present :  it  is  reduced  also  when  put  into  water 
with  metallic  zinc  or  iron.  It  is  soluble  with  great  ease  in  ammonia 
and  in  a  solution  of  cyanide  of  potassium.  In  practical  analysis  the 
proportion  of  chlorine  or  hydrochloric  acid  in  a  compound  is  always 
estimated  by  precipitation  by  solution  of  silver.  The  liquid  is  acidu- 
lated with  nitric  acid,  and  an  excess  of  nitrate  of  silver  added ;  the 
chloride  is  collected  on  a  filter,  or  better  by  subsidence,  washed 
dried,  and  fused ;  100  parts  correspond  to  24*7  of  chlorine,  or  25-43 
of  hydrocljoric  acid. 

Iodide  of  silver,  Agl.— The  iodide  is  a  pale-yellow  insoluble 
precipitate,  produced  by  adding  nitrate  of  silver  to  iodide  of  potassium  • 
it  is  insoluble  or  nearly  so  in  ammonia,  and  fonns  an  exception  to  the 
silver-salts  in  general  in  this  respect.  The  bromide  of  silver  very 
closely  resembles  the  chloride. 

Sulphide  of  silver,  AgS.— This  is  a  soft,  grey,  and  somewhat 
malleable  substance,  found  native  in  a  crystallized  state,  and  easily 
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produced  by  melting  together  its  constituents,  or  by  precipitating  a 
solution  of  silver  by  sulpiiuretted  hydrogen.  It  is  a  strong  sulphur- 
base,  and  combines  with  the  sulphides  of  antimony  and  arsenic; 
examples  of  such  compounds  are  found  in  the  beautiful  minerals  dark 
and  licjht  red  silver  ore. 

Ammonia-compound  op  silver;  Berthollet's  fulminating 
SILVER. — When  precipitated  oxide  of  silver  is  digested  in  ammonia,  a 
black  substance  is  produced,  possessing  exceedingly  dangerous  explo- 
sive properties.  It  explodes  while  moist,  when  rubbed  with  a  hard 
body,  but  when  dry  the  touch  of  a  feather  is  sufficient.  The  ammonia 
retains  some  of  this  substance  in  solution,  and  deposits  it  in  small 
crystals  by  spontaneous  evaporation.  A  similar  compound  containing 
oxide  of  gold  exists.  It  is  easy  to  understand  the  reason  why  these 
bodies  are  subject  to  such  violent  and  sudden  decomposition  by  the 
slightest  cause,  on  the  supposition  that  they  contain  an  oxide  of  an 
easily-reducible  metal  and  ammonia :  the  attraction  between  the  two 
constituents  of  the  substance  is  very  feeble,  while  that  between  the 
oxygen  of  the  one  and  the  hydrogen  of  the  other  is  very  powerful. 
The  explosion  is  caused  by  the  sudden  evolution  of  nitrogen  gas  and 
vapour  of  water,  the  metal  being  set  free. 


A  soluble  salt  of  silver  is  perfectly  characterized  by  the  white  curdy 
precipitate  of  chloride  of  silver,  darkening  by  exposure  to  light,  and 
insoluble  in  hot  nitric  acid,  which  is  produced  by  the  addition  of  any 
soluble  chloride.  Lead  is  the  only  metal  which  can  be  confounded 
with  it  in  this  respect ;  but  chloride  of  lead  is  soluble  to  a  great  extent 
in  boiling  water,  and  is  deposited  in  brilliant  acicular  crystals  when 
the  solution  cools.  Solutions  of  silver  are  reduced  to  the  metallic 
state  by  iron,  copper,  mercury,  and  other  metals. 


The  economical  uses  of  silver  are  many  :  it  is  admirable  for  culinary 
and  other  similar  purposes,  not  being  attacked  in  the  slightest  degree 
by  any  of  the  substances  used  for  food.  It  is  necessary,  however,  in 
these  cases  to  diminish  the  softness  of  the  metal  by  a  small  addition 
of  copper.  The  standard  silver  of  England  contains  222  parts  of 
silver  and  18  parts  of  copper. 

GOLD. 

Gold,  in  small  quantities,  is  a  very  widely-diffused  metal ;  traces 
are  constantly  found  in  the  iron  pyrites  of  the  more  ancient  rocks.  It 
is  always  met  with  in  the  metallic  state,  sometimes  beautifully  crys- 
tallized in  the  cubic  form,  associated  with  quartz,  oxide  of  iron,  ;md 
other  substances,  in  regular  mineral  veins.    The  sands  of  various 
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rivei-s  hare  long  furnished  gold  derived  from  this  source,  and  separa- 
ble by  a  simple  process  of  washing ;  such  is  the  gold-dust  of  commerce. 
When  a  veinstone  is  wrought  for  gold,  it  is  stamped  to  powder,  and 
shaken  in  a  suitable  appai-atus  with  water  and  mercury ;  an  amalgam 
is  formed,  which  is  afterwards  sepai'ated  from  the  mixture  and  decom- 
posed by  distillation. 

The  pure  metal  is  obtained  by  solution  in  nitro-hydrochloric  acid 
and  precipitation  by  a  salt  of  protoxide  of  iron,  which,  by  rmdergoing 
peroxidation,  reduces  the  gold.  The  latter  falls  as  a  brown  powder, 
which  acquires  the  metallic  lustre  by  friction. 

Gold  is  a  soft  metal,  having  a  beautiful  yellow  colour.  It  sur- 
passes all  other  metals  in  malleability,  the  thinnest  gold-leaf  not  ex- 
ceeding, it  is  said,  ^mm  °^  '"^  thickness,  while  the  gilding- 
on  the  silver  wire  used  in  the  manufacture  of  gold  lace  is  still  thinner. 
It  may  also  be  drawn  into  very  fine  wire.  Gold  has  a  density  of 
19'5  ;  it  melts  at  a  temperature  a  little  above  the  fusing-point  of  silver. 
Neither  air  nor  water  affect  it  in  the  least  at  any  temperature ;  the 
ordinary  acids  fail  to  attack  it  singly.  A  mixture  of  nitric  and 
hydrochloric  acids  dissolves  gold,  however,  with  ease,  the  active  agent 
being  the  liberated  chlorine.  Gold  forms  two  compounds  with  oxygen, 
and  two  corresponding  compounds  with  chlorine,  iodine,  sulphur,  &c. 
Both  oxides  refuse  to  unite  with  acids. 

The  equivalent  of  gold  is  197.    Its  symbol  is  Au  (aurum). 

Protoxide  of  gold,  AuO. — The  protoxide  is  produced  when 
caustic  potassa  in  solution  is  poured  upon  the  protochlorido.  It  is  a 
green  powder,  partly  soluble  in  the  alkaline  liquid ;  the  solution 
rapidly  decomposes  into  metallic  gold,  which  subsides,  and  into  ter- 
oxide,  which  remains  dissolved. 

Teroxide  of  GOLD;  AURIC  ACID;  AuOj. — When  magnesia  is 
added  to  the  tei'chloride  of  gold,  and  the  sparingly  soluble  aurate  of 
that  base  well  washed  and  digested  with  nitric  acid,  the  teroxide  is 
left  as  an  insoluble  reddish-yellow  powder,  which,  when  dry,  becomes 
chestnut-brown.  It  is  easily  reduced  by  heat,  and  also  by  mere  ex- 
posure to  light ;  it  is  insoluble  in  oxygen  acids  with  the  exception  of 
strong  nitric  acid,  insoluble  in  hydrofluoric  acid,  easily  dissolved  by 
hydrochloric  and  hycb-obromic  acids.  Alkalis  dissolve  it  freely; 
indeed,  the  acid  properties  of  this  substance  are  very  strongly  marked  ; 
it  partially  decomposes  a  solution  of  chloride  of  potassium  when  boiled 
with  that  liquid,  potassa  being  produced.  When  digested  with  am- 
monia, it  furnishes  fulminating  gold. 

Protochloride  of  GOLD,  AuCI.— This  substance  is  produced  when 
the  terchloride  is  evaporated  to  dryness  and  exposed  to  a  heat  of  440° 
(226° -eC)  until  chlorine  ceases  to  be  exhaled.  It  forms  a  yellowish- 
white  mass,  insoluble  in  water.  In  contact  with  that  liquid  it  is 
decomposed  slowly  in  the  cold,  and  rapidly  by  the  aid  of  heat,  into 
metallic  gold  and  terchloride. 

Terculokide  of  gold,  AuClg,— This  is  the  most  important  com- 
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pound  of  the  metal ;  it  is  always  produced  when  gold  is  dissolved  in 
nitro-hydrochloiic  acid.  The  deep-yellow  solution  thus  obtained 
yields,  by  evaporation,  yellow  crystals  of  the  double  chloride  of  gold 
and  hydrogen  ;  when  this  is  cautiously  heated,  hydrochloric  acid  is 
expelled,  and  the  residue,  on  cooling,  solidifies  to  a  red  crystalline 
mass  of  tercliloride  of  gold,  very  deliquescent,  and  soluble  in  water, 
alcohol,  and  ether.  The  torchloride  of  gold  combines  with  a  number 
of  metallic  chlorides,  foming  a  series  of  double  salts,  of  which  the 
general  formula  in  the  anhydrous  state  is  MCl+AuClj,  M  representino- 
an  equivalent  of  the  second  metal.  These  compounds  are  mostlv 
yellow  when  in  crystals,  and  red  when  deprived  of  water. 

A  mixture  of  terchloride  of  gold  with  excess  of  bicarbonate  of  potassa 
or  soda  is  used  for  gilding  small  ornamental  articles  of  copper ;  these 
are  cleaned  by  dilute  nitric  acid,  and  then  boiled  in  the  mixture  for 
some  time,  by  which  means  they  acquire  a  thin  but  perfect  coating  of 
reduced  gold. 

The  other  compounds  of  gold  are  of  very  little  importance. 


The  presence  of  this  metal  in  solution  may  be  known  by  the  brown 
precipitate  with  sulphate  of  protoxide  of  iron,  fusible  before  the  blow- 
pipe into  a  bead  of  gold ;  and  by  the  purple  compound  formed  when 
the  terchloride  of  gold  is  added  to  a  solution  of  protochloride  of  tin. 


Gold  intended  for  coin,  and  most  other  pui-poses,  is  always  alloyed 
with  a  certain  jiroportion  of  silver  or  copper,  to  increase  its  hardness 
and  durability ;  the  first-named  metal  confers  a  pale-greenish  colour. 
English  standard  gold  contains  of  alloy,  now  always  copper. 
Gold-leaf  is  made  by  rolling  out  plates  of  pure  gold  as  thin  as  possible, 
and  then  beating  them  between  folds  of  membrane  by  a  heavy  ham- 
mer, until  the  requisite  degree  of  tenuity  has  been  reached.  The  leaf 
is  made  to  adhere  to  wood,  &c.,  by  size  or  varnish. 

Gilding  on  copper  has  very  generally  been  performed  by  dipping 
the  articles  into  a  solution  of  nitrate  of  mercury,  and  then  shaking 
them  with  a  small  lump  of  a  soft  amalgam  of  gold  with  that  metal, 
which  thus  becomes  spread  over  their  surfaces :  the  articles  are  subse- 
quently heated  to  expel  the  mercury  and  then  burnished.  Gilding  on 
steel  is  done  either  by  applying  a  solution  of  terchloride  of  gold,  in 
ether,  or  by  roughening  the  surface  of  the  metal,  heating  it,  and  apply- 
ing gold-leaf,  with  a  burnisher.  Gilding  by  electrolysis — an  elegadt 
and  simple  method,  now  rapidly  superseding  many  of  the  others — has 
already  been  noticed.  The  solution  usually  employed  is  obtained  by 
dissolving  oxide  or  cyanide  of  gold  in  a  solution  of  cyanide  of  po- 
tassium.* 

*  Messrs.  EUdngton,  Application  of  Electro-Metallurgy  to  the  Arts. 
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MKRCURY,  OB  QUICKSILVER. 

This  very  remarkcable  metal  has  been  known  from  an  early  period, 
and  perhaps  more  than  all  others  has  excited  the  attention  and  cu- 
riosity of  experimenters,  by  reason  of  its  peculiar  physical  properties. 
Mercury  is  of  great  importance  in  several  of  the  arts,  and  enters  into 
the  composition  of  many  valuable  medicaments. 

Metallic  mercury  is  occasionally  met  with  in  globules  disseminated 
through  the  native  sulphide,  which  is  the  ordinary  ore.  This  latter 
substance,  sometimes  called  cinnabar,  is  found  in  considerable  quan- 
tity in  several  localities,  of  which  the  most  celebrated  ai'e  Almaden  in 
New  Castile,  and  Idria  in  Carniola.  Only  recently  it  has  been  dis- 
covered in  great  abundance,  and  of  remarkable  purity,  in  California, 
The  metal  is  obtained  by  heating  the  sulphide  in  an  iron  retort  with 
lime  or  scraps  of  iron,  or  by  roasting  it  in  a  furnace,  and  conducting 
the  vapours  into  a  large  chamber,  where  the  mercury  is  condensed, 
while  the  sulphurous  acid  is  allowed  to  escape.  Mercury  is  imported 
into  this  country  in  bottles  of  hammered  iron,  containing  seventy-five 
pounds  each,  and  in  a  state  of  considerable  purity.  When  purchased 
in  smaller  quantities,  it  is  sometimes  found  adulterated  with  tin  and 
lead,  which  metals  it  dissolves  to  some  extent  without  much  loss  of 
fluidity.  Such  admixture  may  be  known  by  the  foul  surface  the 
mercury  exhibits  when  shaken  in  a  bottle  containing  air,  and  by  the 
globules,  when  made  to  roll  upon  the  table,  having  a  train  or  tail. 

Mercmy  has  a  nearly  silver-white  colour,  and  a  very  high  degree 
of  lustre;  it  is  liquid  at  all  ordinary  temperatures,  and  only  solidifies 
when  cooled  to  —  40°  ( — 40°C).  In  this  state  it  is  soft  and  malleable. 
At  662°  (350°C)  it  boils,  and  yields  a  transparent,  colourless  vapour, 
of  great  density.  The  metal  volatilizes,  however,  to  a  sensible  extent 
at  all  temperatures  above  68°  (20°C)  or  70°  (21'>C) ;  below  this  point 
its  volatility  is  imperceptible.  The  volatility  of  mercury  at  the  boil- 
ing-heat is  singulai'ly  retai'ded  by  the  presence  of  minute  quantities  of 
lead  or  zinc.  The  specific  gravity  of  mercury  at  60°  (15°"5C) 
is  13"59 ;  that  of  frozen  mercury  about  14,  great  contraction  taking 
place  in  the  act  of  solidification. 

Pure  quicksilver  is  quite  unalterable  in  the  air  at  common  tempera- 
tures, but  when  heated  to  near  its  boiling-point  it  slowly  absorbs 
oxygen,  and  becomes  converted  into  a  crystalline  dark-red  powder, 
which  is  the  highest  oxide.  At  a  dull  red-heat  this  oxide  is  again 
decomposed  into  its  constituents.  Hydrochloric  acid  has  little  or  no 
action  on  mercury,  and  the  same  may  be  said  of  sulphuric  acid  in  a 
diluted  state ;  when  the  latter  is  concentrated  and  boiling  hot,  it  oxi- 
dizes the  metal,  converting  it  into  sulphate  of  the  red  oxide,  with 
evolution  of  sulphurous  acid.  Nitric  acid,  even  dilute  and  in  the 
cold,  dissolves  mercury  freely,  with  an  evolution  of  binoxide  of  niti'ogen. 
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Mercury  combines  with  oxygen  in  two  proportions,  forming  a  grey 
and  a  red  oxide,  both  of  wliich  are  salifiable.  As  the  salts  of  the  red 
oxide  are  the  most  stable  and  penuanent,  that  substance  may  be  re- 
garded as  the  true  protoxide,  instead  of  the  grey  oxide,  to  which  the 
term  has  formerly  been  applied.  Until,  however,  isomoi'phous  rela- 
tions connecting  mercury  with  the  other  metals  shall  be  established, 
the  constitution  of  the  two  oxides  and  that  of  the  corresponding 
clilorides,  iodides,  &c.,  must  remain  somewhat  unsettled. 

The  equivalent  of  mercury,  on  the  above  supposition,  will  be  100  ; 
its  symbol  is  Hg  (hydrargyrum). 

Suboxide  of  mercury  ;  grey  oxide  ;  Hg^O.— The  suboxide  is 
easily  prepared  by  adding  caustic  potassa  to  the  nitrate  of  this  sub- 
stance, or  by  digesting  calomel  in  solution  of  caustic  alkali.  It  is  a 
dark  grey,  nearly  black,  heavy  powder,  insoluble  in  water.  It  is 
slowly  decomposed  by  the  action  of  light  into  metallic  mercury  and 
red  oxide.  The  preparations  known  in  phamacy  by  the  names  blue 
pill,  grey  ointment,  mercury  ivith  chalk,  &c.,  often  supposed  to  owe 
their  efficacy  to  this  substance,  merely  contain  the  finely-divided 
metal. 

Protoxide  of  mercury  ;  red  oxide  ;  HgO. — There  are  numerous 
methods  by  which  this  compound  may  be  obtained ;  the  following 
may  be  cited  as  the  most  imporfamt: — (1)  By  exposing  mercmy  in  a 
glass  tlaslc,  with  a  long  naiTow  neck,  for  several  weeks  to  a  tem- 
perature approaching  600°  (315°-5C) ;  the  product  has  a  dark-red 
colour  and  is  highly  crystalline :  it  is  the  red  precipitate  of  the  old 
writers.  (2)  By  cautiously  heating  any  of  the  nitrates  of  either 
oxide  to  complete  decomposition,  when  the  acid  is  decomposed  and 
expelled,  oxidizing  the  metal  to  a  maximum,  if  it  happen  to  be  in  the 
condition  of  suboxide.  The  product  is  in  this  case  also  crystalline 
and  very  dense,  but  has  a  much  paler  colour  than  the  preceding ; 
while  hot  it  is  neai-ly  black.  It  is  by  this  method  that  the  oxide  is 
generally  prepared ;  it  is  apt  to  contain  undecomposed  nitrate,  which 
may  be  discovered  by  strongly  heating  a  portion  in  a  test-tube :  if  red 
fumes  are  produced  or  the  odour  of  nitrous  acid  exhaled,  the  oxide  has 
been  insufficiently  heated  in  the  process  of  manufacture.  (3)  By  adding 
caustic  potassa  in  excess  to  a  solution  of  corrosive  sublimate,  by  which 
a  bright-yellow  precipitate  of  oxide  is  thi'own  down,  which  only  dif- 
fers from  the  foregoing  preparations  in  being  destitute  of  crystalline 
texture  and  much  more  minutely  divided.  It  must  be  well  washed 
and  di-ied. 

Red  oxide  of  mercury  is  slightly  soluble  in  water,  communicating 
to  the  latter  an  alkaline  reaction  and  metallic  taste;  it  is  highly 
poisonous.  When  strongly  heated,  it  is  decomposed,  as  befoie 
observed,  into  metallic  mercury  and  oxygen  gas. 

Nitrates  of  the  oxides  of  mercury. — Nitric  acid  varies  in 
its  action  upon  mercury,  according  to  the  temperature.  When  cold 
and  somewhat  diluted,  only  salts  of  tlie  grey  oxide  are  formed,  and 
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these  .ve  neutral  or  basic  (i.  e.  with  excess  of  oxide),  as  the  acid  or 
the  metal  happens  to  be  in  excess.  When,  on  the  contrary,  the  nitric 
acid  is  concentrated  and  hot,  the  mercury  is  raised  to  its  highest  state 
of  oxidation,  and  a  salt  of  the  red  oxide  produced.  Both  classes  of 
salts  are  apt  to  be  decomposed  by  a  large  quantity  of  water,  giving 
rise  to  insoluble,  or  sparingly  soluble,  compounds  containing  an  excess 
of  base. 

Neutnd  nitrate  of  the  suboxide,  Hg20,NO,  +  2HO,  forms  large 
colourless  crystals,  soluble  in  a  small  quantity  of  water  without  decom- 
position ;  it  is  made  by  dissolving  mercury  in  an  excess  of  cold  dilute 
nitric  acid. 

When  excess  of  mercury  has  been  employed,  a  finely-crystallized 
basic  salt  is,  after  some  time,  deposited,  containing  3Hg20,2Is05-|- 
3H0 ;  this  is  also  decomposed  by  water.  The  two  salts  are  easily 
distinguished  when  rubbed  in  a  mortar,  with  a  little  chloride  of  so- 
dium ;  the  neutral  compound  gives  nitrate  of  soda  and  calomel ;  the 
basic  salt,  nitrate  of  soda  and  a  black  compound  of  calomel  with  oxide 
of  mercury.  A  black  substance,  called  Hahnemann's  soluble  mercury, 
is  produced  when  ammonia  in  small  quantity  is  dropped  into  a  solu- 
tion of  the  nitrate  of  the  suboxide  ;  it  contains  3Hg20,N05+NH3, 
or,  according  to  Sir  R.  Kane,  2HgO,N05  +  NH3  ;  the  composition  of 
this  prep:u-ation  evidently  varies  according  to  the  temperature  and  the 
concentration  of  the  solutions. 

Nitrates  of  the  Protoxide  {Red  Oxide)  of  Merxury, — By  dissolving 
red  oxide  of  mercury  in  excess  of  nitric  acid,  and  evaporating  gently,  a 
syrupy  liquid  is  obtained,  which,  enclosed  in  a  bell-jar  over  lime  or 
sulphuric  acid,  deposits  voluminous  crystals  and  crystalline  crusts. 
The  crystals  and  crusts  have  the  same  composition,  2(HgO,N05)-)- 
HO.  The  same  substance  is  deposited  fi'om  the  syrupy  liquid  as  a 
crystalline  powder  by  dropping  it  into  concentrated  nitric  acid.  The 
syrupy  liquid  itself  appears  to  be  a  definite  compovmd  containing  HgO, 
N0j-|-2H0.  By  saturating  hot  dilute  nitric  acid  with  the  red  oxide, 
a  salt  is  obtained  on  cooling  which  crystallizes  in  needles,  permanent 
in  the  air,  containing  2HgO,N03-|-HO.  The  preceding  crystallized 
salts  are  decomposed  by  water,  with  production  of  compounds  more 
and  more  basic  as  the  washing  is  prolonged  or  the  temjierature  of  the 
water  raised.  The  nitrates  of  the  protoxide  of  mercury  combine 
with  ammonia. 

Sulphate  of  the  Suboxide  of  Mercury,  Hg20,S03,  falls  as  a  white 
crystalline  powder  when  sulphm-ic  acid  is  added  to  a  solution  of  the 
nitrate  of  the  suboxide ;  it  is  but  slightly  soluble  iu  water.  Sulphate  of 
the  protoxide,  HgO,S03,  is  readily  prepared  by  boiling  together  oil  of 
vitriol  and  metallic  mercury  until  the  latter  is  wholly  converted  into  a 
heavy  white  crystalline  powder,  which  is  the  salt  in  question  ;  the  excess 
of  acid  is  then  removed  by  evaporation,  carried  to  perfect  dryness. 
Equal  weights  of  acid  and  metal  may  be  conveniently  employed. 
Water  decomposes  the  sulphate,  dissolving  out  an  acid  salt  and  leaving 
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an  insoluble,  yellow,  basic  compound,  formerly  called  turpeth  or  iurhith 
mineral,  containing,  according  to  Kane's  analysis,  3HgO,SO. .  '  Long- 
continued  washing  with  hot  water  entirely  removes  the  remaining 
acid,  and  leaves  pure  protoxide  of  mercury. 

SOBCHLORIDE  OF  MERCURY;  CALOMEL  ;  Hg2Cl.—Thisvei7  important 
substance  may  be  easily  and  well  prepared  by  pouring  a  solution  of  the 
nitrate  of  the  suboxide  into  a  large  excess  of  dilute  solution  of  common 
salt.  It  falls  as  a  dense  white  precipitate,  quite  insoluble  in  water  ; 
it  must  be  thoroughly  washed  with  boiling  distilled  water,  and  dried! 
Calomel  is  generally  procured  by  another  and  more  complex  process. 
Dry  sulphate  of  the  red  oxide  is  rubbed  in  a  mortar  with  as  much 
metallic  mercury  as  it  already  contains,  and  a  quantity  of  common 
salt,  until  the  globules  disappear,  and  an  uniform  mixture  has  been 
produced.  This  is  subjected  to  sublimation,  the  vapour  of  the  calomel 
being  carried  into  an  atmosphere  of  steam,  or  into  a  chamber  contain- 
ing air ;.  it  is  thus  condensed  in  a  minutely-divided  state,  and  the  la- 
borious process  of  pulverization  of  the  sublimed  mass  avoided.  The 
reaction  is  thus  explained :  * — 


1 


eq.  mercury   Calomel,  Hg^Cl. 

eq.  sulphate  1 1  eq.  oxygen  ^ 
of  mercury  1 1  eq.  sul-  \ 
'  phuric  acid  / 
1  eq.  metallic  mercury 
1  eq.  common  (\  eq.  chlorine 

salt  \leq.  sodium   Sulphate  of  soda 

HgO.SOg  -h  Hg  -f  KaCl  =  Hg.Cl  -|-  NaO,S03. 

Pure  calomel  is  a  heavy,  white,  insoluble,  tasteless  powder ;  it  rises 
in  vapour  at  a  temperature  below  redness,  and  is  obtained  by  ordinary 
sublimation  as  a  yellowish-white  crystalline  mass.  It  is  as  insoluble 
in  cold  diluted  nitric  acid  as  the  chloride  of  silver ;  boiling-hot  strong 
nitric  acid  oxidizes  and  dissolves  it.  Calomel  is  instantly  decomposed 
by  an  alkali,  or  by  lime-water,  with  production  of  suboxide.  It  is 
sometimes  apt  to  contain  a  little  chloride,  which  would  be  a  veiy  dan- 
gerous contamination  in  calomel  employed  for  medical  purposes.  This 

*  If  the  grey  oxide  be  considered  as  protoxide,  the  sulphate  will  be  sul- 
phate of  the  binoxide,  HgOo,2S03,  and  the  decomposition  will  stand 
thus: — 

1  eq.  sulphate  (1  '^l'  ™ercury   2  eq.  calomel.  HgW. 

of  mercury    {  I  ""Y?^''- 

•'     12  eq.  sulphunc  acid^ 

1  eq.  metallic  mercury  


1  eq.  common    f  2  eq.  chlorine 
salt  ( 2  eq.  sodium   ^  2  eq.  sulphate  of  soda. 

HgOa,2S03  +  Hg  +  2NaCl  =  2HgCl  +  2(NaO,S03). 
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is  easily  discoverer!  by  boiling  with  water,  filtering  the  liquid  and 
adding  caustic  potassa.    Any  corrosive  sublimate  is  indicated  by  a 

yellow  precipitate. 

Protochloride  OF  mercury;  corrosive  sublimate  ;  HgLl.— 
The  chloride  may  be  obtained  by  several  dififerent  processes.  (1)  When 
metallic  mercury  is  heated  in  chlorine  gas,  it  takes  fire  and  burns, 
producing  this  substance.  (2)  It  may  be  made  by  dissolving  the  red 
oxide  in  hot  hydiochloric  acid,  when  crystals  of  corrosive  sublimate 
separate  on  cooling.  (3)  Or,  more  economically,  by  subliming  a  mix- 
ture of  equal  parts  of  sulphate  of  the  red  oxide  of  mercury  and  dry 
common  salt ;  and  this  is  the  plan  generally  followed.  The  decompo- 
sition is  thus  easily  explained :  * — 

II  eq.  mercury —  -^Corrosive  sublimate 
1  eq.  oxygen 
1  eq.  sul-  ) 
^phuric  acid  / 
1  eq.  common  j  1  eq.  chlorine  ■ 
salt            \l  eq.  sodium  -^^^^  Sulphate  of  soda. 


HgO.SOg  4-  NaCl  =  HgCl  +  NaO.SOj. 

The  sublimed  protochloride  forms  a  white  transparent  crystalline 
mass,  of  great  density ;  it  melts  at  509"  (265°C),  and  boils  and  vola- 
tiUzes  at  a  somewhat  higher  temperature.  It  is  soluble  in  16  parts  of 
cold  and  3  of  boiling  water,  and  crystallizes  from  a  hot  solution  in  long 
white  prisms.  Alcohol  and  ether  also  dissolve  it  with  facility  ;  the 
latter  even  withdraws  it  from  a  watery  solution.  Chloride  of  mercury 
combines  with  a  great  number  of  other  metallic  chlorides,  forming  a 
series  of  beautiful  double  salts,  of  which  the  ancient  sal  alembroth  may 
be  taken  as  a  good  example :  it  contains  HgCl-f  NH^Cl-f-HO.  Cor- 
rosive sublimate  absorbs  ammoniacal  gas  with  great  avidity,  generating 
a  compound  supposed  to  contain  2HgCl-|-NHg. 

When  excess  of  ammonia  is  added  to  a  solution  of  corrosive  subli- 
mate, a  white  insoluble  substance  is  thrown  down,  long  known  under 
the  name  of  white  precipitate.  Sir  Robert  Kane,  who  has  devoted 
much  attention  to  the  salts  of  mercury,  represents  this  white  precipitate 
as  a  double  amide  and  chloride  of  mercury,  or  HgCl+HgNHj, 
2  equivalents  of  chloride  of  mercury  and  1  of  ammonia,  yielding  1  equi- 
valent of  the  new  body  and  1  of  hydrochloric  acid.    A  corresponding 

*  Or  on  the  other  supposition ; — 

1  eq.  sulphate/l  ^  ^^'^^^   —^Bichloride  of  mercury. 

of  mercury  \^  ^  ^  sulphuric"Hdr 

2  eq.  conunonJ  2  eq.  chlorine      ^  ^..^^^ 
salt.  1 2  eq.  sodium   -"^^2  eq.  sulphate  of  soda. 

Hg02,2S0a  +  2NaCl  =  HgCla  +  2(NaO,SOa). 
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black  compound,  Hg^Cl+HgNH,,  is  produced  when  ammonia  is 
digested  with  calomel,  which  must  be  carefully  distinguished  from  the 
suboxide. 

Several  compounds  of  protochloride  of  mercuiy  with  protoxide  of 
mercury  also  exist.  These  are  produced  by  several  processes,  as 
when  an  alkaline  carbonate  or  bicarbonate  is  added  in  varying  pro- 
portions to  a  solution  of  corrosive  sublimate.  They  differ  greatly  in 
colour  and  physical  character,  and  are  mostly  decomposed  by  water. 

Corrosive  sublimate  foi-ms  insoluble  compounds  with  many  of  the 
azotized  organic  principles,  as  albumin,  &c.  It  is  perhaps  to  tliis  pro- 
perty that  its  great  antiseptic  virtues  are  due.  Animal  and  vegetable 
substances  are  preserved  by  it  from  decay,  as  in  Mr.  Kyan's  method 
of  preserving  timber  and  cordage.  Albumin  is  on  this  account  an 
excellent  antidote  to  coiTosive  sublimate  in  cases  of  poisoning. 

SUBIODIDE  OP  MERCURY,  Hg,!.— The  subiodide  is  formed  when  a 
solution  of  iodide  of  potassium  is  added  to  nitrate  of  the  suboxide  of 
mercury  ;  it  separates  as  a  dirty  yellow,  insoluble  precipitate,  with  a 
cast  of  green.  It  may  be  prepared  by  rubbing  together  in  a  mortar 
mercury  and  iodine  in  the  proportion  of  2  equivalents  of  the  former  to 
1  of  the  latter,  the  mixture  being  moistened  from  time  to  time  with  a 
little  alcohol. 

Protiodide  op  mercdry,  Hgl.— When  solution  of  iodide  of  po- 
tassium is  mixed  with  protochloride  of  mercury,  a  precipitate  falls, 
which  is  at  first  yellow,  but  in  a  few  moments  changes  to  a  most  bril- 
liant scarlet,  which  colour  is  retained  on  diying.  This  is  the  neutral 
iodide ;  it  may  be  made,  although  of  rather  duller  tint,  by  triturating 
single  equivalents  of  iodine  and  mercuiy  with  a  little  alcohol.  When 
prepared  by  precipitation,  it  is  better  to  weigh  out  the  proper  propor- 
tions of  the  two  salts,  as  the  iodide  is  soluble  in  an  excess  of  either, 
more  especially  in  excess  of  iodide  of  potassium.  The  iodide  of  mer- 
cury exhibits  a  very  remarkable  case  of  dimorphism,  attended  with 
difference  of  colour,  the  latter  being  red  or  yellow,  according  to  the 
figure  assumed.  Thus,  when  the  iodide  is  suddenly  exposed  to  a  high 
temperature,  it  becomes  bright  yellow  throughout,  and  yields  a  copious 
sublimate  of  minute  but  brilliant  yellow  crystals.  If  in  this  state  it 
be  touched  by  a  hard  body,  it  instantly  becomes  red,  and  the  same 
change  happens  spontaneously  after  a  certain  lapse  of  time.  On  the 
other  hand,  by  a  veiy  slow  and  careful  heating,  a  sublimate  of  red 
oystals,  having  a  totally  different  form,  may  be  obtained,  which  are 
permanent.  The  same  kind  of  change  happens  with  the  freshly-pre- 
cipitated iodide,  as  Mr.  Warington  has  shown,  the  yellow  crystals 
first  formed  breaking  up  in  the  course  of  a  few  seconds  from  the 
passage  of  the  salt  to  the  red  modification.* 

SuBSOLPHiDE  OP  MERCURV,  Hg^vS. — The  black  precipitate  thrown 
down  from  a  solution  of  the  nitrate  of  suboxide  of  mercury  by  sul- 


*  Memoirs  of  Chemical  Society  of  London,  i.  85. 
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phuretted  hydrogen,  is  a  subsulphide  ;  it  is  decomposed  by  heat  into 
metallic  mercury  and  neutral  sulphide. 

Sulphide  OF  MERcaRY ;  artificial,  cinnabar;  vermilion; 
HgS.  — Sulphm-etted  hydrogen  gas  causes  a  precipitate  of  a  white 
colour  when  passed  in  smali  quantity  into  a  solution  of  corrosive  sub- 
limate or  nitrate  of  the  red  oxide  :  this  is  a  combination  of  sulphide 
with  the  salt  itself.  An  excess  of  the  gas  converts  the  whole  into 
sulphide,  the  colour  at  the  same  time  changing  to  black.  When  tliis 
black  sulpiride  is  sublimed,  it  becomes  dark  red  and  crystalline,  but 
undergoes  no  change  of  composition ;  it  is  then  cinnabar.  The  sul- 
phide is  most  easily  prepared  by  subliming  an  intimate  mixture  of  6 
parts  of  mercury  and  1  of  sulphur,  and  reducing  to  very  fine  powder 
the  resulting  cinnabar,  the  beauty  of  the  tint  depending  much  upon 
the  extent  to  which  division  is  carried.  The  red  or  crystalline  sul- 
phide may  also  be  formed  directly,  without  sublimation,  by  heating 
the  black  precipitated  substance  in  a  solution  of  pentasulphide  of 
potassium  ;  the  sulphide  of  mercury  is  in  fact  soluble,  to  a  certain 
extent,  in  the  alkaline  sulphides,  and  forms  with  them  crystallizable 
compounds. 

When  vermilion  is  heated  in  the  air,  it  yields  metallic  mercury  and 
sulphurous  acid  ;  it  resists  the  action  both  of  caustic  alkali  in  solution, 
and  of  strong  mineral  acids,  even  nitric,  and  is  only  attacked  by  aqica 
regia. 


When  protoxide  of  mercury  is  put  into  a  large  excess  of  pure  caustic 
ammonia,  a  compound  is  obtained,  the  colour  of  which  varies  with  the 
state  of  the  oxide.  If  the  latter  be  amorphous,  it  is  pale  yellow  ;  if 
crystalline,  then  the  action  of  the  ammonia  is  much  less  energetic,  and 
the  product  darker  in  colour.  This  substance  possesses  very  extraor- 
dinary properties,  those  namely  of  a  most  powerful  base,  and  probably 
belongs  to  the  same  class  as  the  compound  bases  containing  platinum, 
described  under  that  metal.  The  body  in  question  bears  a  temperature 
of  260°  (126°'5C),  without  decomposition,  becoming  brown  and  anhy- 
drous by  the  loss  of  3  equivalents  of  water.  In  this  state  it  contains 
NH,Hg,03  =  NH,Hg50-f-2HgO,  or  NHg,0-h2H0.  It  is  insoluble 
in  water,  alcohol,  and  ammonia  ;  cold  solution  of  potassa  has  no  action 
on  the  hydrate,  but  at  a  boiling  heat  some  ammonia  is  diseno-ao-ed. 
The  anhydrous  base  is  only  acted  on  by  hydrate  of  potassa  in  fusion. 
It  combines  directly  and  energetically  with  acids,  forming  well-defined 
compounds ;  it  absorbs  cai-bonic  acid  with  aviditv  from  the  air  like 
bai-yta  or  lime.  It  even  decomposes  ammoniacal  salts  by  boiling,  ex- 
pelling the  ammonia  and  combining  with  the  acid.* 


*  Ann.  Chim.  et  Pbys.  3rd  scries,  sviii.  333. 
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The  salts  of  mercury  are  all  volatilized  or  decomposed  by  a  tempei-a- 
ture  of  ignition  ;  tbose  which  fail  to  yield  the  metal  by  simple  heating 
may  in  all  cases  be  made  to  do  so  by  heating  in  a  test-tube  with  a 
little  dry  carbonate  of  soda.  The  metal  is  precipitated  from  its  soluble 
combinations  by  a  plate  of  copper,  and  also  by  a  solution  of  protochlo- 
ride  of  tin,  used  in  excess.  The  behaviour  of  the  protochioride  and 
soluble  salts  of  the  red  oxide  with  caustic  potassa  and  ammonia  is  also 
highly  characteristic. 


Alloys  of  mercury  with  other  metals  are  temed  amalqams  ;  mer- 
cury dissolves  in  this  manner  many  of  the  metals,  as  gold,  silver,  tin, 
lead,  &c.  These  combinations  sometimes  take  place  with  considerable 
violence,  as  in  the  case  of  potassium,  where  light  and  heat  are  pro- 
duced ;  besides  this,  many  of  the  amalgams  crystallize  after  a  while, 
becoming  solid.  The  amalgam  of  tin  used  in  silvering  looking-glasses, 
and  that  of  silver  sometimes  employed  for  stopping  hollow  teeth,  are 
examples. 

PLATINUM. 

Platinum, palladium,  rhodium,  iridium,  ruthenium,  and  osmium,  foi  m 
a  small  group  of  metals,  allied  in  some  cases  by  properties  in  common, 
and  still  more  closely  by  their  natural  association.  Crude  platinum, 
a  native  alloy  of  platinum,  palladium,  rhodium,  iridium,  and  a  little 
iron,  occurs  in  grains  and  rolled  masses,  sometimes  of  tolerably  large 
dimensions,  mixed  with  gravel  and  transported  materials,  on  the  slope 
of  the  Ural  Mountains  in  Eussia,  in  Ceylon,  and  in  a  few  other  places. 
It  has  never  been  seen  in  the  rock,  which,  however,  is  judged,  from 
the  accompanying  minerals,  to  have  been  serpentine.  It  is  stated  to 
be  always  present  in  small  quantities  with  native  silver. 

From  this  substance  platinum  is  prepared  by  the  following  process  : — 
The  crade  metal  is  acted  upon  as  far  as  possible  by  nitro-hydrochloric 
acid,  containing  an  excess  of  hydrochloric  acid,  and  slightly  diluted 
with  water,  in  order  to  dissolve  as  small  a  quantity  of  iridium  as 
possible  ;  to  the  deep  yellowish-red  and  highly-acid  solution  thus  pro- 
duced sal-ammoniac  is  added,  by  which  nearly  the  whole  of  the  pla- 
tinum is  thrown  down  in  the  state  of  ammonio-chloride.  This 
substance  is  washed  with  a  little  cold  water,  dried  and  heated  to  red- 
ness ;  metallic  platinum  in  the  spongy  state  is  left.  Although  this  metal 
cannot  be  fused  into  a  compact  mass  by  any  furnace-heat,  yet  the 
same  object  may  be  accomplished  by  taking  advantage  of  its  property 
of  welding,  like  iron,  at  a  very  high  temperature.  The  spongy  pla- 
tinum is  made  into  a  thin  uniform  paste  with  water,  introduced  into 
a  slightly-conical  mould  of  brass,  and  subjected  to  a  graduated  pres- 
sure, by  which  the  water  is  squeezed  out,  and  the  mass  rendered  at 
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length  sufficiently  solid  to  bear  handling.  It  is  then  dried,  very  care- 
fuUy  heated  to  whiteness,  and  hammered,  or  subjected  to  powerful 
pressure  by  suitable  means.  If  this  operation  be  properly  con- 
ducted, the  platinum  will  then  be  in  a  state  to  bear  forging  into  a 
bar,  which  can  afterwards  be  rolled  into  plates,  or  drawn  into  wire, 
at  pleasure. 

Platinum  is  in  point  of  colour  a  little  whiter  than  iron  ;  it  is  exceed- 
ingly malleable  and  ductile,  both  hot  and  cold,  and  is  very  infusible, 
melting  only  before  the  oxyhydrogen  blowpipe.  It  is  the  heaviest 
substance  known,  its  specific  gravity  being  21-5.  Neither  air,  mois- 
ture, nor  the  ordinary  acids  attack  platinum  in  the  slightest  degree  at 
any  temperature ;  hence  its  great  value  in  the  construction  of  chemical 
vessels.  It  is  dissolved  by  aqua  regia,  and  superficially  oxidized  by 
fused  hydrate  of  potassa,  which  enters  into  combination  with  the  oxide. 

The  remarkable  property  of  the  spongy  metal  to  determine  the 
union  of  oxygen  and  hydrogen  has  been  already  noticed.  There  is  a 
still  more  curious  state  in  which  platinum  can  be  obtained,  that  of 
platinum-black,  where  the  division  is  pushed  much  farther.  It  is 
easily  prepared  by  boiling  a  solution  of  bichloride  of  platinum  to  which 
an  excess  of  carbonate  of  soda,  and  a  quantity  of  sugar  have  been 
added,  until  the  precipitate  formed  after  a  little  time  becomes  perfectly 
black,  and  the  supernatant  liquid  colourless.  The  black  powder  is 
collected  on  a  filter,  washed  and  dried  by  gentle  heat.  This  substance 
appears  to  possess  the  property  of  condensing  gases,  more  especially 
oxygen,  into  its  pores  to  a  very  great  extent :  when  placed  in  contact 
with  a  solution  of  formic  acid,  it  converts  the  latter,  with  copious 
effervescence,  into  carbonic  acid ;  alcohol,  dropped  upon  the  platinum- 
black,  becomes  changed  by  oxidation  to  acetic  acid,  the  rise  of  tem- 
perature being  often  sufficiently  great  to  cause  inflammation.  When 
exposed  to  a  red-heat,  the  black  substance  shrinks  in  volume,  assumes 
the  appearance  of  common  spongy  platinum,  and  loses  these  pecu- 
liarities, which  are  no  doubt  the  result  of  its  excessively-comminuted 
state.  Platinum  forms  two  compounds  with  oxygen,  chlorine,  &c. 
The  equivalent  of  platinum  is  98"7.    Its  symbol  is  Pt. 

Protoxide  of  platinum,  PtO.— When  protochloride  of  platinum 
is  digested  with  caustic  potassa,  a  black  powder,  soluble  in  excess  of 
alkali,  is  produced  :  this  is  the  protoxide.  It  is  soluble  in  acids  with 
brown  colour,  and  the  solutions  are  not  precipitated  by  sal-ammoniac. 
When  binoxide  of  platinum  is  heated  with  solution  of  oxalic  acid,  it 
is  reduced  to  protoxide,  which  remains  dissolved.  The  liquid  has  a 
dark-blue  colour,  and  deposits  fine  copper-red  needles  of  oxalate  of  the 
protoxide  of  platinum. 

Binoxide  of  platinum,  PtOj.— This  is  best  prepared  by  adding 
nitrate  of  baryta  to  sulphate  of  the  binoxide  of  platinum  ;  sulphate  of 
baryta  and  nitrate  of  the  binoxide  are  produced.    From  the  latter 
caustic  soda  precipitates  one-half  of  the  binoxide  of  platinum.  The 
sulphate  is  itself  obtained  by  acting  with  strong  nitric  acid  upon  the 
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bisulphide  of  platinum,  which  falls  as  a  black  powder  when  a  solution 
of  bichloride  is  dropped  into  sulphide  of  potassium.  The  hydrate  of 
the  binoxide  is  a  bulky  brown  powder,  which,  when  gently  heated, 
becomes  black  and  anhydrous.  It  may  also  be  formed  by  boiling 
bichloride  of  platinum  with  a  great  excess  of  caustic  soda,  and  then 
adding  acetic  acid.  It  dissolves  in  acids,  and  also  combines  with 
bases ;  the  salts  have  a  yellow  or  red  tint,  and  a  great  disposition  to 
unite  with  salts  of  the  alkalis  and  alkaline  earths,  giving  rise  to  a 
series  of  double  compounds,  which  are  not  precipitated  by  excess  oi' 
alkali.  A  combination  of  binoxide  of  platinum  with  ammonia  exists, 
which  is  explosive.  Both  oxides  of  platinum  are  reduced  to  the  me- 
tallic state  by  ignition. 

Protochloride  of  platinum,  PtCl. — The  protochloride  is  pro- 
duced when  bichloride  of  platinum,  dried  and  powdered,  is  exposed 
for  some  time  to  a  heat  of  400°  (204°-5C),  by  which  half  of  the 
chlorine  is  expelled;  also,  when  sulphurous  acid  is  passed  into  a  solu- 
tion of  the  bichloride  imtil  the  latter  ceases  to  give  a  precipit^ite  with 
sal-ammoniac.  It  is  a  greenish-grey  powder,  insoluble  in  water,  but 
dissolved  by  hydrochloi'ic  acid.  The  latter  solution,  mixed  with  sal- 
ammoniac  or  chloride  of  potassium,  deposits  a  double  salt  in  fine  red 
prismatic  crystals,  containing,  in  the  last  case,  PtCl-|-KCl.  The  cor- 
responding sodium-compound  is  very  soluble  and  difficult  to  crystal- 
lize. The  protochloride  is  decomposed  by  heat  into  chlorine  and 
metallic  platinum. 

Bichloride  or  perchloride  of  Platinum,  PtCl,. — This  sub- 
stance is  always  formed  when  platinum  is  dissolved  in  nitro-hydro- 
chloric  acid.  The  acid  solution  yields  on  evaporation  to  dryness  a 
red  or  brown  residue,  deliquescent,  and  very  soluble  both  in  water 
and  alcohol  ;  the  aqueous  solution  has  a  pure  orange-yellow  tint. 
Bichloride  of  platinum  combines  to  double  salts  with  a  great  variety 
of  metallic  chlorides;  the  most  important  of  these  compounds  are 
tliose  containing  the  metals  of  the  alkalis  and  ammonium.  Bichloride 
of  platinum  and  chloride  of  potassium,  PtCU,  KCl,  forms  a  bright 
yellow  crystalline  precipitate,  being  produced  whenever  solutions  of  the 
chlorides 'of  platinum  and  of  potassium  are  mixed,  or  a  salt  of  potassa, 
mixed  with  a  little  hydrochloric  acid,  added  to  bichloride  of  platinum. 
It  is  feebly  soluble  in  water,  still  less  soluble  in  dilute  alcohol,  and  is 
decomposed  with  some  difficulty  by  heat.  It  is  readily  reduced  by 
hydi-ogen  at  a  high  temperature,  furnishing  a  mixture  of  chloride  of 
potassium  and  platinum-black  ;  the  latter  substance  may  thus,  indeed, 
be  very  easily  prepared.  The  sodium-salt,  FtCU,  NaCl-l-6H0,  is 
very  soluble,  crystallizing  in  lai-ge,  transparent,  yellow-red  prisms  of 
great  beauty.  The  aminonio-chloride  of  platinum,  PtCl^,  NH^Cl,  is 
hidistiuguishable,  in  physical  characters,  from  the  potassium-salt; 
it  is  thrown  down  as  a  precipitate  of  small,  transparent,  yellow, 
octahedral  crystals  when  sal-ammoniac  is  mixed  with  chloride  of 
platinum;  it  "is  but  feebly  soluble  in  water,  still  less  so  in  dilute 
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alcohol,  and  is  decomposed  by  lieat,  yielding  spongy  platinum,  while 
sal-ammoniac,  hydrochloric  acid,  and  nitrogen  are  driven  ofif.  Com- 
pounds of  platinum  with  iodine,  bromine,  sulphur,  and  phosphorus, 
have  been  formed,  but  are  comparatively  unimportant. 

Some  very  extraordinary  compounds  have  been  derived  from  the 
protoxide  of  platinum. 

When  ammonia  in  excess  is  added  to  a  hot  solution  of  theprotochloride 
of  platinum  and  ammonium,  a  green  crystalline  salt  separates  after  a 
time,  which  is  quite  insoluble  in  water,  and  is  not  affected  by  hydro- 
chloric or  sulphuric  acids,  ammonia,  or  even  a  boiling-hot  solution  of 
potassa.  This  substance  is  known  as  the  green  salt  of  Magnus,  and 
contains  the  elements  of  protochloride  of  platinum  and  ammonia,  or 
PtCl-l-NHg. 

When  the  above  compound  is  heated  with  concentrated  nitric  acid, 
it  becomes  converted  into  a  white,  granular,  crystalline  powder,  which 
on  addition  of  water,  dissolves,  leaving  a  residue  of  metallic  platinum. 
The  solution  yields  on  standing  small,  brilliant,  colourless,  prisms  of 
a  substance  very  soluble  in  water,  containing  the  elements  of  proto- 
chloride of  platinum,  ammonia,  nitric  acid,  and  an  additional  equiva- 
lent of  oxygen : — 

PtCl.NjHgO-i-NOs. 

The  platinum  and  chlorine  in  this  curious  body  are  insensible  to  ordi- 
nary reagents,  and  ammonia  is  evolved  from  it  only  on  boiling  with 
caustic  alkali ;  the  presence  of  nitric  acid  can  be  detected  immediately 
by  gently  heating  a  small  portion  with  copper-filings  and  oil  of  vitriol. 
From  this  substance  a  series  of  salt-like  bodies  can  be  obtained,  some 
of  which  have  been  carefully  studied  by  M.  Gros.  Thus,  when 
treated  with  hydrochloric  acid,  the  nitric  acid  is  wholly  displaced,  and 
a  compound  formed  which  crystallizes  in  small,  transparent,  yellowish 
octahedrons,  sparingly  soluble  in  boiling  water,  containing  PtCl, 
NjHgCl.  With  sulphuric  add  it  gives  a  substance  which  crys- 
tallizes in  small,  sparingly  soluble,  colourless  needles,  containing  PtCl, 
NjHgO-l-SOj.  The  oxalic  acid  compound  is  white  and  insoluble; 
it  contains  PtCl,N2HgO-|-C203.  Crystallizable  compounds  contain- 
ing phosphoric,  tartaric,  citric,  malic,  formic,  and  even  carbonic  acids, 
were  obtained  by  similar  means.  The  substances  have  very  much 
the  characters  of  salts  of  a  compound  base  or  i^Masj-metal  containing 
PtCl,N2Hj;,  and  which  yet  remains  unknown  in  a  separate  state.  M. 
Raewsky  has  repeated  and  extended  the  observations  of  M.  Gros. 

MM.  Keiset  and  Peyrone  have  also  described  two  other  basic 
bodies  containing  platinum  in  the  same  remarkable  condition :  these 
differ  from  the  preceding  in  being  free  from  chlorine. 

Protochloride  of  platinum  put  into  ammonia  becomes  rapidly  con- 
verted into  a  green  powder,  which,  by  boiling,  slowly  dissolves  ;  the 
solution,  on  evaporation  and  cooling,  furnishes  beautiful  yellowish 
ciystals  of  the  chlorine-compound  of  one  of  these  bases,  compounded 
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of  platinum  and  the  elements  of  ammonia.  The  crystals  contained 
PtNjHgCl  +  HO.  The  equivalent  of  water  is  easily  expelled  by  heat, 
and  regained  by  absorption  from  the  air.  The  green  salt  of  Magnus^ 
boiled  with  ammonia,  yields  the  same  product.  ' 

A  solution  of  this  substance,  mixed  with  nitrate  of  silver,  gives 
chloride  of  silver  and  the  nitrate  of  the  new  base,  which  crystallizes 
on  evaporation  in  fine,  white,  transparent  needles,  containing  PtNj 
HgO  +  NOj.  The  sulphide,  iodide,  and  bromide  are  also  crystalliz- 
able.  Two  carbonates  exist.  By  adding  baryta-water  to  a  solution 
of  the  sulphate,  or  by  treating  the  chloride  with  protoxide  of  silver, 
and  evaporating  the  filtered  liquid  in  vacuo,  a  white,  crystalline^ 
deliquescent  mass  is  obtained,  which  is  the  hydrate  of  the  base, 
PtNjHgO  +  HO.  It  is  almost  comparable  in  point  of  alkalinity 
with  potassa  itself,  absorbing  carbonic  acid  with  energy,  and  decom- 
posing ammoniacal  salts.  When  this  hydrate  is  heated  to  230° 
(110°C),  it  abandons  water  and  ammonia,  and  leaves  a  greyish, 
porous,  insoluble  mass  containing  PtNH3,0.  This  is  probably  an 
isomeric  modification  of  the  second  base,  whose  salts  are  mentioned 
below. 

When  a  solution  of  the  iodide,  PtN^Hgl,  is  long  boiled,  it  depo. 
sits  a  sparingly-soluble  yellow  powder,  the  composition  of  which  is 
expressed  by  the  formula  PtNH3l :  this  is  the  iodine-compound  of  a 
second  basic  substance,  PtNHg ;  and  from  it  by  double  decomposition 
a  series  of  analogous  salts  can  be  obtained.  When  the  iodine-com- 
pound is  treated  with  protoxide  of  silvei',  the  base  itself  is  obtained 
in  the  form  of  a  powerfully-alkaline  solution.  The  green  salt  of 
llagnus  has  the  same  composition  as  the  chloride  of  this  new  base, 
which  is  yellow  and  soluble  in  boiling  water,  and  may  be  converted 
into  it.  The  salts  of  the  first  base  are  generally  convertible  into 
those  of  the  second  by  heat,  and  the  converse  change  may  also  be 
often  effected  by  ebullition  with  ammonia. 

The  subject  of  the  platinum-bases  appears  to  be  by  no  means  ex- 
hausted. Only  quite  recently  another  lemarkable  basic  compound 
containing  ammonia  and  platinum  has  been  discovered  by  M.  Ger- 
hardt.  The  chloride  of  Reiset's  second  base,  the  compound  PtNH3Cl, 
when  treated  with  chlorine,  absorbs  this  element,  and  becomes  con- 
verted into  a  lemon-yellow  powder,  consisting  of  small  octahedrons, 
and  having  the  composition  PtNHgClj.  Boiled  with  nitrate  of  silver, 
this  substance  yields  chloride  of  silver  and,  according  to  the  quantitv 
of  nitric  acid  present,  a  salt,  PtNH303,2NO-,  or  PtNHgOj.NO^-f 
3H0.  On  adding  ammonia  to  the  latter  nitrate,  a  crystalline  preci- 
pitate talces  place,  which  consists  of  PtNHjO^-l-SHO.  This  sub- 
stance, which  is  slightly  soluble  in  water,  may  be  viewed  as  the 
hydrated  base  existing  in  the  bichloride  and  in  the  nitrates  previously 
described. 


PALLADIUM. 


The  bichloride,  or  n,  solution  of  binoxide  of  platinum,  can  be  at  once 
recognised  by  the  yellow  precipitate  with  sal-ammoniac,  decomposable 
by  heat,  with  production  of  spongy  metal. 


Bichloride  of  platinum  and  the  sodio-chloride  of  platinum  are  em- 
ployed in  analytical  investigations  to  detect  the  presence  of  potassa,  and 
separate  it  from  soda.  For  the  latter  purpose,  the  alkaline  salts  are 
converted  into  chlorides,  and  in  this  condition  mixed  with  four  times 
their  weight  of  sodio-chloride  of  platinum  in  crystals,  the  whole  being 
dissolved  in  a  little  water.  When  the  formation  of  the  yellow  salt 
appears  complete,  alcohol  is  added,  and  the  precipitate  collected  on  a 
weighed  filtei-,  washed  with  weak  spii-it,  carefully  dried  and  weighed. 
The  chloiide  of  potassium  is  then  easily  reckoned  from  the  weight  of 
the  double  salt,  and  this,  subtracted  from  the  weight  of  the  mixed 
chlorides  employed,  gives  that  of  the  chloride  of  sodium  by  difference; 
100  parts  of  potassio-chloride  of  platinum  correspond  to  35*06  parts  of 
chloride  of  potassium. 

Capsules  and  crucibles  of  platinum  are  of  great  value  to  the  che- 
mist ;  the  latter  are  constantly  used  in  mineral  analysis  for  fusing 
siliceous  matter  with  alkaline  carbonates.  They  suffer  no  injury  in 
this  operation,  although  the  caustic  alkali  roughens  and  corrodes  the 
metal.  The  experimenter  must  be  particularly  careful  to  avoid  in- 
troducing any  oxide  of  an  easily-fusible  metal,  as  that  of  lead  or  tin, 
into  a  platinum  crucible.  If  reduction  should  by  any  means  occur, 
these  metals  will  at  once  alloy  themselves  with  the  platinum,  and  the 
vessel  will  be  destroyed.  A  platinum  crucible  must  never  be  put 
naked  into  the  fire,  but  be  always  placed  within  a  covered  earthen 
crucible. 

PALLADIUM. 

The  solution  of  crude  platinum,  from  which  the  greater  pai  t  of  that 
metal  has  been  precipitated  by  sal-ammoniac,  is  neutrajized  by  car- 
bonate of  soda,  and  mixed  with  a  solution  of  cyanide  of  mercury; 
cyanide  of  palladium  separates  as  a  whitish  insoluble  substance' 
which,  on  being  washed,  dried,  and  heated  to  redness,  yields  metallic 
palladium  in  a  spongy  state.  The  palladium  is  then  welded  into  a 
mass,  in  the  same  manner  as  platinum. 

Palladium  closely  corresponds  with  platinum  in  colour,  appearance, 
and  difficult  fusibility;  it  is  also  very  malleable  and  ductile.  In 
density  it  differs  very  much  from  that  metal,  being  only  1]  -8  Pal- 
ladium is  more  oxidable  than  platinum.  When  heated  to  "redness 
m  the  air,  especially  in  the  state  of  sponge,  it  acquires  a  blue  or 
purple  superficial  film  of  oxide,  which  is  again  reduced  at  a  white 
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heat.  This  metal  is  slowly  attacked  by  nitric  acid ;  its  best  solvent 
is  aqua  7-egia.    There  are  two  compounds  of  palladium  and  oxygen. 

The  equivalent  of  paUadium  is  53'3  ;  its  symbol  is  Pd. 

Protoxide  of  palladium,  PdO. — This  is  obtained  by  evaporat- 
ing to  dryness,  and  cautiously  heating,  the  solution  of  palladium  in 
nitric  acid.  It  is  black,  and  but  little  soluble  in  acids.  The  hydrate 
falls  as  a  dark-brown  precipitate  when  carbonate  of  soda  is  added  to 
the  above  solution.    It  is  decomposed  by  a  strong  heat. 

BiNOXiDE  OF  PALLADIUM,  PdOj. — The  pure  biuoxide  is  very  diffi- 
cult to  obtain.  When  solution  of  caustic  potassa  is  poured,  little  by 
little,  with  constant  stirring,  upon  the  double  chloride  of  palladium 
and  potassium  in  a  diy  state,  tlae  latter  is  converted  into  a  yellowish- 
brown  substance,  which  is  the  binoxide,  in  combination  with  water 
and  a  little  alkali.    It  is  but  feebly  soluble  in  acids. 

Protochloride  of  PALLADIUM,  PdCl. — The  solution  of  the  metal 
in  aqua  regia  yields  this  substance  when  evaporated  to  dryness. 
It  is  a  dark-brown  mass,  soluble  in  water  when  the  heat  has  not 
been  too  great,  and  forms  double  salts  with  many  metallic  chlorides. 
The  potassio-  and  ammonio-chlorides  of  palladium  are  much  more  solu- 
ble than  those  of  platinum  ;  they  have  a  brownish-yellow  tint. 

Bichloride  of  palladium  only  exists  in  solution,  and  in  com- 
bination with  the  alkalme  chlorides.  It  is  foi-med  when  the  proto- 
chloride of  palladium  is  digested  in  aqua  regia.  The  solution  has  an 
intensely  brown  colour,  and  is  decomposed  by  evaporation.  Mixed  with 
chloride  of  potassium  or  sal-ammoniac,  it  gives  rise  to  a  red  crystalline 
precipitate,  which  is  but  little  soluble  in  water. 

A  sulphide  of  palladium,  PdS,  is  formed  by  fusing  the  metal  with 
sulphur,  or  by  precipitating  a  solution  of  protochloride  by  sulphuretted 
hydrogen. 


A  palladium-salt  is  well  marked  by  the  pale  yellowish-white  pre- 
cipitate with  solution  of  cyanide  of  mercury,  convertible  by  heat  into 
the  spongy  metal.  This  precipitate  is  a  double  salt,  having  the  fonnula 
PdCy,HgCy,HO. 


Palladium  is  readily  alloyed  with  other  metals,  as  copper :  one  of 

these  compounds,  namely,  the  alloy  with  silver,  has  been  applied  to 

useful  purposes.  A  native  alloy  of  gold  with  palladium  is  found  in 
the  Brazils,  and  imported  into  England. 


RHODIUM. 

The  solution  from  which  platinum  and  palladium  liave  been  sepa- 
rated in  the  manner  described  is  mixed  with  hydrochloric  acid,  and 
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evaporated  to  dryness.  The  residue  is  treated  with  alcohol  of  specific 
gi-avity  0-837,  which  dissolves  everything  except  the  double  chloride 
of  rhodium  and  sodium.  This  is  well  washed  with  spirit,  dried, 
heated  to  whiteness,  and  then  boiled  with  water ;  chloride  of  sodium 
is  dissolved  out,  and  metallic  rhodium  remains.  Thus  obtained, 
rhodium  is  a  white,  coherent,  spongy  mass,  which  is  more  infusible 
and  less  capable  of  being  welded  than  platinum.  Its  specific  gravity 
varies  from  10"6  to  11. 

Khodium  is  veiy  brittle:  reduced  to  powder  and  heated  in  the 
air,  it  becomes  oxidized,  and  the  same  alteration  happens  to  a  greater 
extent  when  it  is  fused  with  nitrate  or  bisulphate  of  potassa.  None 
of  the  acids,  singly  or  conjoined,  dissolve  this  metal,  unless  it  be  in 
the  state  of  alloy,  as  with  platinum,  in  which  it  is  attacked  by  aqua 
regia. 

The  equivalent  of  rhodium  is  52-2  ;  its  symbol  is  R. 

Protoxide  of  rhodium,  RO,  is  obtained  by  roasting  finely-di- 
vided metallic  rhodium.    It  is  but  little  known. 

Sesquioxide  of  eiiodidm,  RjOj. — Finely-powdered  metallic  rho- 
dium is  heated  in  a  silver  crucible  with  a  mixture  of  hydrate  of 
potassa  and  nitre;  the  fused  mass  boiled  with  water  leaves  a  dark- 
brown  insoluble  substance,  consisting  of  sesquioxide  of  rhodium  in 
union  with  potassa.  This  is  digested  with  hydrochloric  acid,  which 
removes  the  potassa  and  leaves  a  greenish-grey  hydrate  of  the  sesqui- 
oxide of  rhodium,  insoluble  in  acids.  A  soluble  modification  of  the 
same  substance,  retaining,  however,  a  portion  of  alkali,  may  be  had 
by  adding  an  excess  of  carbonate  of  potassa  to  the  double  chloride  of 
rhodium  and  potassium,  and  evaporating. 

Sesquichloride  of  rhodium,  RjClj. — The  pure  sesquichloride  is 
prepared  by  adding  hydrofluosilicic  acid  to  the  double  chloride  of 
rhodium  and  potassium,  evaporating  the  filtered  solution  to  dryness, 
and  dissolving  the  residue  in  water.  It  forms  a  brownish-red  deli- 
quescent mass,  soluble  in  water,  with  a  fine  red  colour.  It  is  decom- 
posed by  heat  into  chlorine  and  metallic  rhodium.  The  chloride  of 
rhodium  and  potassium,  RjCl3-j-2KCl -f  2H0,  is  prepared  by  heat- 
ing in  a  stream  of  chlorine  a  mixture  of  equal  parts  of  finely-powdered 
rhodium  and  chloride  of  potassium.  This  salt  has  a  fine  red  colour, 
is  soluble  in  water,  and  crystallizes  in  4-sided  prisms.  Chloride  of 
rhodium  and  sodium  is  also  a  very  beautiful  red  salt,  obtained  by  a 
similar  process ;  it  contains  RaClg-f-SNaCl-l-lSHO.  The  chloride  of 
rhodium  and  ammonium  resembles  the  potassium-compound. 

Sulphate  of  rhodium,  RjOg.SSOg.— The  sulphide  of  rhodium, 
obtained  by  precipitating  one  of  the  salts  by  a  soluble  sulphide,  is 
oxidized  by  strong  nitric  acid.  The  product  is  a  brown  powder, 
nearly  insoluble  in  nitric  acid,  but  dissolved  by  water ;  it  cannot  be 
made  to  crystallize.  Sulphate  of  rhodium  and  potassium  is  pro- 
duced when  metallic  rhodium  is  strongly  heated  witli  bisuljjhate  of 
potassa.    It  is  a  yellow  salt,  slowly  soluble  in  cold  water. 
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An  alloy  of  steel  with  a  small  quantity  of  rhodium  is  said  to  possess 
extremely  valuable  properties. 


IRIDIUM, 

When  crude  platinum  is  dissolved  in  aqua  regia,  a  small  quantity  of 
a  grey  scaly  metallic  substance  usually  remains  behind,  having  alto- 
gether resisted  the  action  of  the  acid :  this  is  a  native  alloy  of  iridium 
and  osmium.  It  is  reduced  to  powder,  mixed  with  an  equal  weight 
of  dry  chloride  of  sodium,  and  heated  to  redness  in  a  glass  tube, 
through  which  a  stream  of  moist  chlorine  gas  is  transmitted.  The 
farther  extremity  of  the  tube  is  connected  with  a  receiver  containing 
solution  of  ammonia.  The  gas,  under  these  circumstances,  is  rapidly 
absorbed,  chloride  of  iridium  and  cliloinde  of  osmium  being  produced : 
the  former  remains  in  combination  with  the  chloride  of  sodium ;  the 
latter,  being  a  volatile  substance,  is  carried  forward  into  the  receiver, 
where  it  is  decomposed  by  the  water  into  osmic  and  hydrochloric 
acids,  which  combine  with  the  alkali.  The  contents  of  the  tube  when 
cold  are  treated  with  water,  by  which  the  double  chloride  of  iridium 
and  sodium  is  dissolved  out :  this  is  mixed  with  an  excess  of  carbo- 
nate of  soda,  and  evaporated  to  dryness.  The  residue  is  ignited  in  a 
crucible,  boiled  with  water,  and  dried ;  it  then  consists  of  a  mixture 
of  sesquioxide  of  iron,  and  a  combination  of  oxide  of  iridium  with 
soda ;  it  is  reduced  by  hydrogen  at  a  high  temperature,  and  treated 
successively  with  water  and  strong  hydrochloric  acid,  by  which  the 
alkali  and  the  iron  are  removed,  while  metallic  iridium  is  left  in  a 
divided  state.  By  strong  pressure  and  exposure  to  a  white  heat,  a 
certain  degree  of  compactness  may  be  communicated  to  the  metal. 

Iridium  is  a  white  brittle  metal,  fusible  with  great  difficulty  before 
the  oxyhydrogen  blowpipe.  It  is  not  attacked  by  any  acid,  but  is 
oxidized  by  fusion  with  nitre,  and  by  ignition  to  redness  in  the  air. 

The  equivalent  of  iridum  is  99.    Its  symbol  is  Ir. 

Oxides  op  iridium. —Four  of  these  compounds  are  described. 
Protoxide  of  iridium,  IrO,  is  prepared  by  adding  caustic  alkali  to  the 
protochloride,  and  digesting  the  precipitate  in  an  acid.  It  is  a  heavy 
black  powder,  insoluble  in  acids.  It  may  be  had  in  the  state  of  hy- 
drate bv  precipitating  the  protochloride  of  iridium  and  sodium  by 
caustic  potassa.  The  hydrate  is  soluble  in  acids  with  dirty  gi-een  co- 
lour. Sesquioxide,  Ir^Og,  is  produced  when  iridium  is  heated  in  the 
air,  or  with  nitre ;  it  is  best  prepared  by  fusing  in  a  silver  crucible  a 
mixture  of  carbonate  of  potassa  and  the  terchloride  of  iridium  and 
potassium,  and  boiling  the  product  with  water.  This  oxide  is  bluish- 
black,  and  is  quite  insoluble  in  acids.  It  is  reduced  by  combustible 
substances  with  explosion.  Binoxide  of  iridium,  IrOo,  is  unknown 
in  a  separate  state ;  it  is  supposed  to  exist  in  the  sulphate,  produced 
when  the  sulphide  is  oxidized  by  nitric  acid.    A  solution  of  sulphate 
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heated  with  excess  of  alkali  evolves  oxygen  gas,  and  deposits  sesqui- 
oxide  of  iridium.  Teroxide  of  iridium,  IrOg,  is  produced  when  car- 
bonate of  potassa  is  gently  heated  with  the  terchloride  of  iridium  ;  it 
foi-ms  a  greyish-yellow  hydrate,  which  contains  alkali. 

Chlorides  of  iRiDivn.—Protochloride,  IrCl,  is  formed  when  the 
metal  is  brought  in  contact  with  chlorine  at  a  dull  red-heat,  it  is  a 
dark  olive-green  insoluble  powder.  It  is  dissolved  by  hydrochloric 
acid,  and  forms  double  salts  with  the  alkaline  chlorides,  which  have 
a  gi-een  colour.  The  sesquichloride,  IrjClg,  is  prepared  by  strongly 
heating  iridium  with  nitre,  adding  water  and  enough  nitric  acid  to 
saturate  the  alkali,  warming  the  mixture,  and  then  dissolving  the  pre- 
cipitated hydrate  of  the  sesquioside  in  hydrochloric  acid  it  forms 
a  dark  yellowish-brown  solution.  This  substance  combines  with 
metallic  chlorides.  Bichloride  of  iridium  is  obtained  in  solution  by 
adding  hydrotluosilicic  acid  to  the  bichloride  of  iridium  and  potassium, 
formed  when  chlorine  is  passed  over  a  heated  mixture  of  iridium  and 
chloride  of  potassium.  It  forms  with  metallic  chlorides  a  number  of 
double  salts,  which  resemble  the  platinum-compounds  of  the  same 
order.  Terchloride  of  iridium,  IrClg,  is  unknown  in  a  separate  state. 
Terchlor  ide  of  iridium  and  potassium  is  obtained  by  heating  iridium 
with  nitre,  and  then  dissolving  the  whole  in  aqua  regia,  and  evapo- 
rating to  dryness.  The  excess  of  chloride  of  potassium  may  be  extracted 
by  a  small  quantity  of  water.  The  crystallized  salt  has  a  beautiful 
red  colour.  The  variety  of  tints  exhibited  by  the  different  soluble 
compounds  of  iridium  is  very  remarkable,  and  suggested  the  name  of 
the  metal,  from  the  word  iris. 

Platinum,  palladium,  and  iridium  combine  with  carbon  when  heated 
in  the  flame  of  a  spirit-lamp ;  they  acquire  a  covering  of  soot,  which, 
when  burned,  leaves  a  kind  of  skeleton  of  spongy  metal. 


RUTHENIUM. 

M.  Glaus  has  described  under  this  name  a  new  metal  contained  in 
the  residue  from  crude  platinum,  insoluble  in  aqua  regia.  It  closely 
resembles  iridium  in  its  general  characters,  but  yet  possesses  distinc- 
tive features  of  its  own.  It  was  obtained  in  the  form  of  small  ano-ular 
masses,  with  perfect  metallic  lustre,  very  brittle  and  infusible.''  Its 
specific  gravity  is  8-6.  It  resists  the  action  of  acids,  but  oxidizes 
readily  when  heated  in  the  air. 

The  equivalent  of  ruthenium  is  52*2,  and  its  symbol  Ru. 

Oxides  op  Rwnmmm.— Protoxide  of  ruthenium,  RuO,  is  a  grey- 
ish-black metallic-looking  powder,  obtained  by  heating  bichloride  of 
ruthenium  with  excess  of  carbonate  of  soda  in  a  stream  of  carbonic 
acid  gas,  and  then  washing  away  the  soluble  saline  matter.  It  is  in- 
soluble in  acids.    The  sesquioxide,  RujOg,  in  the  anhydrous  condi- 
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tion,  is  ca  bluisli-black  powder  formed  by  heating  the  metal  in  the  air. 
It  is  also  precipitated  by  alkalis  from  the  sesquichloride  as  a  blackish- 
brown  hydrate,  soluble  in  acids  with  orange-yellow  colour.  The  hin- 
oxide,  EuOj,  is  a  deep-blue  powder,  procured  by  roasting  the  bisul- 
phide. A  hydrate  of  this  oxide  is  known  in  an  impure  condition. 
An  acid  of  ruthenium  is  also  supposed  to  exist. 

Sesquichloride  of  ruthenium,  RujClj,  is  an  orange-yellow  soluble 
salt  of  astringent  taste  ;  when  the  solution  is  heated  it  becomes  green 
and  finally  blue,  by  reduction,  in  all  probability,  to  protochloride. 
Sesquichloride  of  ruthenium  fonns  double  salts  with  the  chlorides  of 
potassium  and  ammonium. 


OSMIUM. 

The  solution  of  osmic  acid  in  ammonia,  already  mentioned,  is  eently 
heated  for  some  time  in  a  loosely-stopped  vessel ;  its  original  yellow 
colour  becomes  darker,  and  at  length  a  brown  precipitate  falls,  which 
is  a  combination  of  sesquioside  of  osmium  with  ammonia :  it  results 
fi  om  the  reduction  of  the  osmic  acid  by  the  hydrogen  of  the  volatile 
alkali.  A  little  of  the  precipitate  is  held  in  solution  by  the  sal-ammo- 
niac, but  may  be  recovered  by  heating  the  clear  liquid  with  caustic 
potassa.  The  brown  substance  is  dissolved  in  hydrochloric  acid, 
a  little  chloride  of  ammonium  is  added,  and  the  whole  evaporated  to 
dryness.  The  residue  is  strongly  heated  in  a  small  porcelain  retort ; 
the  oxygen  of  the  oxide  combines  with  hydi'ogen  from  the  ammonia, 
vapour  of  water,  hydrochloric  acid,  and  sal-ammoniac  are  expelled, 
and  osmium  left  behind,  as  a  greyish  porous  mass,  having  the  metallic 
lustre. 

In  the  most  compact  state  in  which  this  metal  can  be  obtained,  it 
has  a  bluish-white  colour,  and  although  somewhat  flexible  in  thin 
plates,  is  yet  easily  reduced  to  powder.  Its  specific  gravity  is  10  ; 
it  is  neither  fusible  nor  volatile.  It  burns  when  heated  to  redness, 
yielding  osmic  acid,  which  volatilizes.  Osmate  of  potassa  is  pro- 
duced when  the  metal  is  fused  with  nitre.  When  in  a  finely  divided 
state,  it  is  oxidized  by  strong  nitric  acid. 

The  equivalent  of  osmium  is  99"6  ;  its  symbol  is  Os. 

Oxides  of  osmium. — Five  compounds  of  osmium  with  oxygen  are 
known.  Protoxide,  OsO,  is  obtained,  in  combination  with  a  little 
alkali,  when  caustic  potassa  is  added  to  a  solution  of  protochloride  of 
osmium  and  potassium.  It  is  a  dark-green  powder,  slowly  soluble 
in  acids.  Sesquioxide,  OsjOg,  has  already  been  noticed  ;  it  is  gene- 
rated by  the  deoxidation  of  osmate  of  ammonia ;  it  is  black,  and 
but  little  soluble  in  acids.  It  always  contains  ammonia,  and  ex- 
plodes feebly  when  heated.  Binoxide  of  osmium,  OsO^,  is  prepared 
by  strongly  heating  in  a  retort  a  mixture  of  carbonate  of  soda  and  the 
bichloride  of  osmium  and  potassium,  and  treating  the  residue  with 
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water,  aiid  afterwards  with  hydrochloric  acid.  The  binoxide  is  a 
black  powder,  insoluble  ia  acids,  and  burning  to  osmic  acid  when 
heated  in  the  air.  Osmious  acid,  OsOj,  is  known  only  in  combination. 
On  adding  alcohol  to  a  solution  of  osmate  of  potassa,  the  alcohol  is 
oxidized  at  the  expense  of  the  osmic  acid,  and  a  rose-red  crystalline 
powder  of  osmite  of  potassa  is  produced.  On  attempting  to  separate 
the  acid,  it  is  decomposed  into  the  binoxide  and  osmic  acid.  Osmic  acid, 
OsO*,  is  by  far  the  most  important  and  interesting  of  the  oxides  of 
this  metal.  It  is  prepared  by  heating  osmium  in  a  current  of  pure 
oxygen  gas ;  it  condenses  in  the  cool  part  of  the  tube  in  which  the 
experiment  is  made  in  colourless  transparent  crystals.  Osmic  acid 
melts  and  even  boils  below  212°  (100"^C)  ;  its  vapour  has  a  peculiarly 
offensive  odour,  and  is  exceedingly  irritating  and  dangerous.  Water 
slowly  dissolves  this  substance.  It  has  acid  properties,  and  combines 
with  bases.  Nearly  all  the  metals  precipitate  osmium  from  a  solution 
of  osmic  acid.  By  the  action  of  ammonia  on  osmic  acid,  a  new  acid 
has  been  formed,  containing  osmium,  nitrogen,  and  oxygen,  it  has 
been  called  osman-osmic  acid  or  osmamic  acid.  Some  doubts  are 
hanging  over  the  formula  of  this  substance.  It  produces  salts  with 
many  bases. 

Chlorides  of  osmium. — Protochloride,  OsCl,  is  a  dark-gi-een 
crystalline  substance,  formed  by  gently  heating  osmium  in  chlorine 
gas.  It  is  soluble  in  a  small  quantity  of  water,  with  green  colour, 
but  decomposed  by  a  large  quantity  into  osmic  and  hydrochloric  acids 
and  metallic  osmium.  It  forms  double  salts  with  the  metallic  chlo- 
rides. The  sesquicliloride,  Os^Clj,  has  not  been  isolated;  it  exists 
in  the  solution  obtained  by  dissolving  the  sesquioxide  in  hydrochloric 
acid.  Bichloride,  OsCl,,  in  combination  with  chloride  of  potassium, 
is  produced  when  a  mixture  of  equal  parts  metallic  osmium  and  the 
last-named  salt  is  strongly  heated  in  chlorine  gas.  It  forms  fine  red 
octahedral  crystals,  containing  OsCl,-|-KCl. 

Osmium  combines  also  with  sulphur  and  with  phosphorus. 


PAET  III. 

ORGANIC  CHEMISTRY. 


INTRODUCTION. 

Organic  substances,  whether  directly  derived  from  the  vegetable 
or  animal  kingdom,  or  produced  by  the  subsequent  modification  of 
bodies  which  thus  originate,  are  remarkable  as  a  class  for  a  degree  of 
complexity  of  constitution  far  exceeding  that  observed  in  any  of  the 
compounds  yet  described.  And  yet  the  number  of  elements  which 
enter  into  the  composition  of  these  substances  is  extremely  limited ; 
very  few,  comparatively  speaking,  contain  more  than  four,  viz.,  carbon, 
hydrogen,  oxj-gen,  and  nitrogen  ;  sulphur  and  phosphorus  are  occa- 
sionally associated  with  these  in  certain  natural  products ;  and  com 
pounds  containing  chlorine,  bromine,  iodine,  arsenic,  antimony,  zinc, 
&c.,  have  been  formed  by  artificial  means.  This  paucity  of  elementaiy 
bodies  is  compensated  by  the  very  peculiar  and  extraordinary  proper- 
ties of  the  four  first-mentioned,  which  possess  capabilities  of  com- 
bination to  which  the  remaining  elements  are  strangers.  There 
appears  to  be  absolutely  no  limit  to  the  number  of  definite,  and  often 
crystallizable,  substances  which  can  be  thus  generated,  each  marked 
by  a  perfect  individuality  of  its  own. 

The  mode  of  association  of  the  elements  of  organic  substances  is  in 
general  altogether  different  from  that  so  obvious  in  the  other  division 
of  the  science.  The  latter  is  invariably  characterized  by  what  may 
be  termed  a  binary  plan  of  combination,  union  taking  place  between 
pairs  of  elements,  and  the  compounds  so  produced  again  uniting 
themselves  to  other  compound  bodies  in  the  same  manner.  Thus, 
copper  and  oxygen  combine  to  oxide  of  copper,  potassium  and  oxygen 
to  potassa,  sulphur  and  oxygen  to  sulphuric  acid  ;  sulphuric  acid,  in 
its  turn,  combines  both  with  oxide  of  copper  and  oxide  of  potassium, 
genei'ating  a  pair  of  salts,  which  are  again  capable  of  uniting  to  form 
the  double  compound,  CuOjSOj-l-KOjSOj. 

The  most  complicated  products  of  inorganic  chemistry  may  be  thus 
shown  to  be  built  up  by  this  repeated  pairing  on  the  part  of  their  con- 
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stitueuts.  With  organic  bodies,  however,  the  case  is  strikingly  difFer- 
eat;  no  such  arvnngenieut  can  here  be  traced.  In  sugar,  C,2H,,0|„ 
or  mor  phine,  CgiHigNOg,  or  the  radical  of  bitter-almond  oil,  Ci^H^Oj, 
aud  a  multitude  of  similar  cases,  the  elements  concerned  are,  as  it 
were,  bound  up  together  into  a  single  whole,  which  can  enter  into 
combination  with  other  substances,  aud  be  thence  disengaged  with 
properties  unaltered. 

A  curious  consequence  of  this  peculiarity  is  to  be  found  in  the  com- 
paratively instable  character  of  organic  compounds,  and  their  general 
proneness  to  decomposition  and  change,  when  the  balance  of  opposing 
forces,  to  which  they  owe  their  existence,  becomes  deranged  by  some 
external  cause. 

If  a  complex  inorganic  substance  be  attentively  considered,  it  will 
usually  be  found  that  the  elements  are  combined  in  such  a  manner  as 
to  satisfy  the  most  powerful  affinities,  and  to  give  rise  to  a  state  of 
very  considerable  permanence  and  durability.  But  in  the  case  of 
an  organic  substance  containing  three  or  four  elements  associated  in 
the  way  described,  this  is  very  far  from  being  true  :  the  carbon  and 
oxygen  strongly  tend  to  unite  to  form  carbonic  acid  ;  the  hydrogen 
and  oxygen  attract  each  other  in  a  powerful  manner  ;  and  the  nitrogen, 
if  that  body  be  present,  also  contributes  its  share  to  these  internal 
sources  of  weakness  by  its  disposition  to  generate  ammonia.  While 
the  opposing  forces  remain  exactly  balanced,  the  integrity  of  the 
compound  is  preserved  ;  but  the  moment  one  of  them,  from  some  acci- 
dental cause,  acquires  preponderance  over  the  rest,  equilibrium  is  de- 
stroyed, and  the  organic  princijile  breaks  up  into  two  or  more  new 
bodies  of  simpler  and  more  permanent  constitution.  The  agency 
of  heat  produces  this  effect  by  exalting  the  attraction  of  oxygen  for 
hydrogen  and  carbon  ;  hence  the  almost  universal  destructibility  of  or- 
ganic substances  by  a  high  temperature.  Mere  molecular  disturbance 
of  any  kind  may  cause  destruction  when  the  instability  is  very 
great. 

As  a  general  rule,  it  may  be  assumed  that  those  bodies  which  are 
most  complex  from  the  number  of  elements,  and  the  want  of  simpli- 
city in  their  equivalent  relations,  are  by  constitution  weakest,  and 
least  capable  of  resisting  the  action  of  disturbing  forces  ;  and  that  this 
susceptibility  of  change  diminishes  with  increased  simplicity  of  struc- 
ture, until  it  reaches  its  minimum  in  those  bodies  which,  like  the  car- 
bides of  hydi-ogen,  like  cyanogen,  and  oxalic  acid,  connect,  by  imper- 
ceptible gradations,  the  organic  and  the  mineral  departments  of  che- 
mical science. 

The  definite  organic  principles  of  the  vegetable  and  animal  king- 
doms form  but  a  very  small  proportion  of  the  immense  mass  of  com- 
pounds included  within  the  domain  of  organic  chemistry:  by  far  the 
greater  number  of  these  are  produced  by  modifying  by  suitable  means 
the  bodies  furnished  by  the  plant  or  the  animal,  and  which  have 
themselves  been  fonned  from  the  elements  of  the  air  by  processes  for 
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the  most  part  unknown,  carried  on  under  the  control  of  vitality. 
Unlike  these  latter,  the  artificial  modifications  referred  to,  by  oxida- 
tion, by  the  action  of  other  powerful  reagents,  by  the  influence 
of  heat,  and  by  numerous  other  sources  of  disturbance,  are,  for  the 
most  part,  changes  of  descent  in  order  of  complexity,  new  products 
being  thus  generated  more  simple  in  constitution  and  more  stable  in 
character  than  the  bodies  from  which  they  were  derived.  These,  in 
turn,  by  a  repetition  of  such  treatment  under  perhaps  varied  circum- 
stances, may  be  broken  up  into  other  and  still  simpler  organic  combi- 
nations ;  until  at  length  the  binary  compounds  of  inorganic  chemistry, 
or  bodies  so  allied  to  them  that  they  may  be  placed  indilFerently  in 
either  group,  are  by  such  means  reached. 

Organic  substitution-j^roducts  :  Law  of  Substitution. — The  study  of 
the  action  of  chlorine,  bromine,  iodine,  and  nitric  acid,  upon  various 
organic  substances,  has  led  to  the  discovery  of  a  very  remarkable  law 
regulating  the  formation  of  chlorinetted  and  other  analogous  compounds, 
which,  without  being  of  necessity  absolute  in  every  case,  is  yet  of 
sufficient  genei-ality  and  importance  to  require  careful  consideration. 
This  peculiar  mode  of  action  consists  in  the  replacement  of  the  hydro- 
gen of  the  organic  substance  by  chlorine,  bromine,  iodine,  the  elements 
of  hyponitric  acid,  and  more  rarely  other  substances  of  the  same  class, 
equivalent  for  equivalent,  without  the  destruction  of  the  primitive 
type  or  constitution  of  the  compound  so  modified.  The  hydrogen  thus 
removed  takes  of  course  the  form  of  hydrochloric  or  hydrobromic  acid, 
&c.,  or  that  of  water,  by  combination  with  another  portion  of  the  ac- 
tive body.  Strange  as  it  may  appear,  and  utterly  opposed  to  the  or- 
dinary views  of  the  functions  of  powerful  salt-radicals,  this  loss  of  hy- 
di-ogen  and  assumption  of  the  new  element  do  actually  occur  with  a 
great  variety  of  substances  belonging  to  different  groups  with  compa- 
ratively trifling  disturbance  of  physical  and  chemical  properties ;  the 
power  of  saturation,  the  density  of  the  vapoui',  and  other  peculiar-ities 
of  the  original  substance  remain  the  same,  saving  the  modification 
they  may  suffer  from  the  difference  of  the  equivalent  weights  of 
hydrogen  and  the  body  by  which  it  is  replaced. 

This  change  may  take  place  by  several  successive  steps,  giving  rise 
to  a  series  of  substitution-compounds,  which  depart  more  and  more  in 
properties  from  the  original  substance  with  each  successive  increase  in 
the  proportion  of  the  replacing  body.  The  substitution  may  even  be 
total,  the  whole  of  the  hydrogen  being  lost,  and  its  place  supplied  by 
a  similar  number  of  equivalents  of  the  new  element.  And  even  in 
these  extreme  cases,  of  very  common  occurrence,  however,  with  one 
class  of  substances,  the  resulting  compound  retains  generally  the 
stamp  of  its  origin. 

Although  numerous  examples  of  these  changes  will  be  found  de- 
scribed in  detail  in  the  following  pages,  it  will  be  well  perhaps  to 
mention  here  two  or  three  canes  by  way  of  illustration. 

Butch-liquid,  the  compound  fonned  by  the  union  of  equal  measures 
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of  olefiant  gas  and  chlorine,  containing  Cfi^Cl^,  is  affected  by  chlo- 
rine iQ  obedience  to  the  law  of  substitution  ;  one,  two,  three,  four 
equivalents  of  hydrogen  being  successively  removed  by  the  prolonged 
action  of  the  gas  aided  by  sunshine,  and  one,  two,  thi'ee,  oi-  four  equi- 
valents of  chlorine  introduced  in  place  of  the  hydrogen  withdrawn  as 
hydrochloric  acid.  In  the  last  product,  the  sesquichloride  of  cai'bon, 
CjClg,  the  replacement  is  total ;  the  intermediate  products  are  volatile 
liquids  not  differing  very  much  in  general  characters  from  Dutch-liquid 
itself  A  great  number  of  compound  ethers  of  the  ethyl-  and  methyl- 
series  are  attacked  by  chlorine  and  bromine  in  a  similar  manner; 
indeed,  the  majority  of  the  examples  of  the  law  in  question  are  to  be 
found  in  the  history  of  this  class  of  bodies. 

Concentrated  acetic  acid,  placed  in  a  vessel  of  dry  chlorine  and  ex- 
posed to  the  sun,  gives  rise  to  chloracetic  acid,  containing  C4CI3O3, 
HO,  and  in  which  consequently  the  whole  hydrogen  of  the  real  acid  is 
replaced  by  chlorine.  Chloracetic  acid  is  a  stable  substance,  of  strong 
acid  characters,  and  forms  a  series  of  salts,  some  of  which  bear  no 
slight  resemblance  to  tlie  normal  acetates. 

Basic  substitution-products  have  been  likewise  obtained  :  cMor- 
aniline,  hromaniline,  and  iodaniline  are  the  most  striking  exam- 
ples. These  will  be  found  fully  described  in  the  section  on  organic 
bases. 

The  action  of  fuming  nitric  acid  upon  oi'ganic  substances  very  com- 
monly indeed  gives  rise  to  substitution-products  containing  the  ele- 
ments of  hyponitric  acid,  NO^,  in  place  of  hydrogen.  The  benzoyl- 
compounds,  and  several  of  the  essential  oils  natural  and  derived  from 
resins,  will  be  found  to  furnish  illustrations. 

In  formulas  representing  substitution-compounds  retaining  some  hy- 
drogen, the  practice  is  often  adopted  of  placing  the  substituting  body 
beneath  or  beside  this  residual  hydrogen,  and  uniting  them  by  a 
bracket  on  each  side.  Thus,  the  formula  of  the  first  two  products  of 
the  action  of  chlorine  on  Dutch-liquid  are  thus  written : — 

C4  {cf}  CI2,  and  C,        1  CU,  or  C,  (H3CI)  Cl^  and  C,  (H^Cl^)  CI,. 

And  pyroxylin,  or  gun-cotton,  which  is  supposed  to  be  a  substitu- 
tion-product from  lignin,  Cj^H^oOjo,  having  5  equivalents  of  hydrogen 
replaced  by  the  elements  of  hyponitric  acid,  will  stand  : — 

{  5N0,  }o^o'°'-C24[H,5(NO,)JO,„. 

Isomeric  bodies,  or  substances  different  in  properties,  yet  identical 
in  composition,  are  of  constant  occurrence  in  organic  chemistry,  and 
stand,  indeed,  among  its  most  striking  and  peculiar  features.  Every 
year  brings  to  light  fresh  examples  of  compounds  so  related.  In  most 
cases,  discordance  in  properties  is  fairiy  and  pi'operly  ascribed  to  dif- 
ference of  constitution,  the  elements  being  differently  arranged.  For  in- 
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stance,  formic  ether  and  acetate  of  methyl  are  isomeric,  both  con- 
taining CgHgO^ ;  but  then  the  first  is  supposed  to  consist  of  formic 
acid,  CjH03,  combined  with  ether,  C^HjO  ;  while  the  second  is  ima- 
gined, iii  accordance  with  the  same  views,  to  be  made  up  of  acetic 
acid,  0^11303,  and  the  ether  of  wood-spirit,  C.,E.p.  Aud  this 
method  of  explanation  is  generally  sufficient  and  satisfactory :  when 
it  can  be  shown  that  a  difference  of  constitution,  or  even  a  difference 
in  the  equivalent  numbers,  exists  between  two  or  more  bodies  iden- 
tical in  ultimate  composition,  the  reason  of  their  discordant  characters 
becomes  to  a  certain  extent  intelligible. 
Organic  bodies  may  be  thus  classified  : — 

1.  Quasi-elementanj  Substances,  and  their  compounds.  These 
affect  the  disposition  and  characters  of  the  true  elements,  and  like  the 
latter  evince  a  tendency  to  unite  on  the  one  hand  with  hydrogen  and 
the  metals,  and  on  the  other  with  chlorine,  iodine,  and  oxygen.  The 
former  are  designated  orqanic  salt-radicals,  and  the  latter  organic 
salt-hastjles.  Few  of  either  kind  have  yet  been  isolated,  and  it  is 
very  possible  that  very  many  of  them  are  unable  to  exist  in  a  separate 
state.  Some  of  these  quasi-elements  are  among  the  most  important 
and  interesting  substances  in  organic  cliemistry. 

2.  Organic  Salt-bases,  not  being  the  oxides  of  known  radicals. — 
The  pi-incipal  members  of  this  class  are  the  vegeto-alkalis  ;  they  form 
crystallizable  compounds  with  acids,  organic  and  inorganic,  and  even 
possess  in  some  cases  a  distinct  alkaline  reaction  to  test-paper. 

^  3.  Organic  acids,  not  being  compounds  of  known  radicals. — These 
bodies  are  very  numerous  and  important.  Many  of  them  liave  an 
intensely  sour  taste,  redden  vegetable  blues,  and  are  almost  compai'- 
able  in  chemical  energy  with  the  acids  of  mineral  origin. 

4.  Neutral  non-azotized  substances,  containing  oxygen  and  hydro- 
gen in  the  proportions  to  form  water. — The  term  neutral,  as  applied  to 
these  compounds,  is  not  strictly  correct,  as  they  usually  manifest  feeble 
acid  jjroperties  by  combining  with  metallic  oxides.  This  group  com- 
prehends the  sugars,  the  different  modifications  of  starch,  gum,  &c. 

5.  Neutral  azotized  substances ;  the  albuminous  principles  and 
their  allies,  the  great  components  of  the  animal  frame. — These  are  in 
the  highest  degree  complex  in  constitution,  and  are  destitute  of  the 
faculty  of  crystiJlization. 

6.  Carbides  of  Hydrogen,  their  oxides  and  derivatives. 

7.  Fatty  bodies. 

8.  Compound  acids,  containing  the  elements  of  an  organic  sub- 
stance in  combination  with  those  of  a  mineral  or  other  acid. — These 
bodies  form  a  large  and  very  interesting  class,  of  which  sulphovinic 
acid  may  be  taken  as  the  type  or  representative. 

9.  Colouring  principles,  and  other  substances  not  referable  to  either 
of  the  preceding  classes. 

The  action  of  heat  on  organic  substances  presents  many  important 
and  interesting  points,  of  which  a  few  of  the  more  prominent  may  be 
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noticed.  Bodies  of  simple  constitution  and  of  some  permanence, 
which  do  not  sublime  unchanged,  as  many  of  the  organic  acids,  yield, 
when  exposed  to  a  high,  but  regulated  temperature,  in  a  retort,  new 
compounds,  perfectly  definite  and  often  crystallizable,  which  partake, 
to  a  certain  extent,  of  the  properties  of  the  original  substance :  the 
numerous  pyro-acids,  of  which  many  examples  will  occur  in  the  suc- 
ceeding pages,  are  thus  produced.  Carbonic  acid  and  water  are  often 
eliminated  under  these  circumstances.  If  the  heat  be  suddenly  raised 
.to  redness,  then  the  regularity  of  the  decomposition  vanishes,  while 
the  products  become  more  uncertain  and  more  numerous  ;  carbonic 
acid  and  watery  vapour  are  succeeded  by  inflammable  gases,  as  car- 
bonic oxide  and  carbonetted  hyd)"ogen ;  oily  matter  and  tar  distil 
over,  and  increase  in  quantity  until  the  close  of  the  operation,  when 
the  retort  is  found  to  contain,  in  most  cases,  a  residue  of  chaixoal. 
Such  is  destructive  distillation. 

If  the  organic  substance  contain  nitrogen,  and  be  not  of  a  kind 
cnpable  of  taking  a  new  and  permanent  form  at  a  moderate  degree  of 
heat,  then  that  nitrogen  is  in  most  instances  jsartly  disengaged  in  the 
shape  of  ammonia,  or  substances  analogous  to  it,  partly  left  in  com- 
bination with  the  carbonaceous  matter  in  the  distillatory  vessel.  The 
products  of  dry  distillation  thus  become  still  more  comjjlicated. 

A  much  greater  degree  of  regulai'ity  is  observed  in  the  effects  of 
heat  on  fixed  organic  matters,  when  these  are  previously  mixed  with 
an  excess  of  strong  alkaline  base,  as  potassa  or  lime.  In  such  cases 
an  acid,  the  nature  of  which  is  chiefly  dependent  upon  the  tempera- 
ture applied,  is  produced,  and  remains  in  union  with  the  base,  the 
residual  element  or  elements  escaping  in  some  volatile  form.  Thus, 
benzoic  acid  distilled  with  hydrate  of  lime,  at  a  dull  red-heat,  yields 
carbonate  of  lime  and  a  bicarbide  of  hydrogen,  benzole ;  woody 
fibre  and  caustic  potassa,  heated  to  a  very  moderate  temperatui-e, 
yield  ulmic  acid  and  free  hydi-ogen  ;  with  a  higher  degree  of  heat, 
oxalic  acid  appears  in  the  place  of  the  ulmic  ;  and,  at  the  temperature 
of  ignition,  carbonic  acid,  hydrogen  being  the  other  product. 

The  spontaneous  changes  denominated  decay  and  putrefaction,  to 
which  many  of  the  more  complicated  organic,  and,  more  particularly, 
azotized  principles  are  subject,  have  lately  attracted  much  attention. 
By  the  expression  decay*  Liebig  and  his  school  understand  a  decom- 
position of  moist  organic  mattei-,  freely  exposed  to  the  air,  by  the 
oxygen  of  which  it  is  gradually  burned  and  destroyed,  without  sensi- 
ble elevation  of  temperature  ;  the  term  putrefaction,  on  the  other 
hand,  is  limited  to  changes  occurring  in  and  beneath  the  surface  of 
water,  the  effect  being  a  mere  transposition  of  elements,  or  metamor- 
phosis of  the  organic  body.  The  conversion  of  sugar  into  alcohol  and 
carbonic  acid  furnishes,  perhaps,  the  simplest  case  of  the  kind.  It  is 
proper  to  remark,  however,  that  contact  of  oxygen  is  indispensable, 
in  the  fii-st  instance,  to  the  change,  which,  when  once  begun,  pro- 
*  Or  eramacausis,  that  is,  slow  burning. 


384 


THE  ULTIMATE  ANALYSIS  OF 


ceeds,  without  the  aid  of  any  other  substance  external  to  the  decom- 
posing body,  unless  it  be  water  or  its  elements.  Every  case  of  putre- 
faction thus  begins  with  decay;  and  if  the  decay  or  its  cause 
namely,  the  absorption  of  oxygen,  be  prevented,  no  putrefaction 
occurs.  The  most  putrescible  substances,  as  animal  flesh  intended 
for  food,  milk,  and  highly-azotized  vegetables,  are  preserved  inde- 
finitely, by  enclosure  in  metallic  cases,  from  which  the  air  has  been 
completclii  removed  and  excluded. 

Some  of  the  curious  phenomena  of  communicated  chemical  activity, 
where  a  decomposing  substance  seems  to  involve  others  in  destructive' 
change,  which,  without  such  influence,  would  have  remained  in  a 
permanent  and  quiescent  state,  will  be  found  noticed  in  their  proper 
places,  as  under  the  head  of  Vinous  Fermentation.  These  actions 
are  yet  very  obscure,  and  require  to  be  discussed  with  great  caution. 
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As  organic  substances  cannot  be  produced  at  will  from  their  ele- 
ments, the  analytical  method  of  research  is  alone  applicable  to  the 
investigation  of  their  exact  chemical  composition  ;  hence  the  ultimate 
analysis  of  these  substances  becomes  a  matter  of  great  practical  im- 
portance. The  operation  is  always  executed  by  causing  complete  com- 
bustion of  a  known  weight  of  the  body  to  be  examined,  in  such  a 
manner  that  the  carbonic  acid  and  water  produced  shall  be  collected, 
and  their  quantity  determined  ;  the  carbon  and  hydrogen  they  respec- 
tively contain  may  from  these  data  be  easily  calculated.  When  nitro- 
gen, sulphiu',  phosphorus,  chlorine,  &c.,  are  present,  special  and  sepa- 
rate means  are  resorted  to  for  their  estimation. 

The  method  to  be  described  for  the  determination  of  the  carbon  and 
hydrogen  owes  its  convenience  and  effioiency  to  the  improvements  of 
Professor  Liebig ;  it  has  superseded  all  other  processes,  and  is  now 
invai'iably  employed  in  inquiries  of  the  kind.  With  proper  cai'e,  the 
results  obtained  ai'e  wonderfully  correct ;  and  equal,  if  not  surpass  in 
precision,  those  of  the  best  mineral  analyses.  The  principle  upon 
which  the  whole  depends  is  the  following : — When  an  organic  sub- 
stance is  heated  with  the  oxides  of  copper,  lead,  and  several  other 
metals,  it  undergoes  complete  combustion  at  the  expense  of  the  os}'- 
gen  of  the  oxide,  the  metal  being  at  the  same  time  reduced,  either 
completely,  or  to  a  lower  state  of  oxidation.  This  effect  takes  place 
with  greatest  ease  and  certainty  with  the  black  oxide  of  copper, 
which,  although  unchanged  b}'  heat  alone,  gives  up  oxygen  to  com- 
bustible matter  with  extreme  facility.  When  nothing  but  carbon  and 
hydrogen,  or  those  bodies  together  with  oxygen,  are  present,  one  ex- 
periment suffices  ;  tlie  carbon  and  hydrogen  are  determined  directly, 
and  the  oxygen  by  difference. 
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It  is  of  course  indispensable  that  the  substance  to  be  analyzed 
should  possess  the  physical  characters  of  purity,  otherwise  the  inquiry 
cannot  lead  to  any  good  result;  if  in  the  solid  state,  it  must  also  be 
freed  with  the  most  scrupulous  care  fi-om  the  moisture  which  many 
substances  retain  with  great  obstinacy.  If  it  will  bear  the  application 
of  a  moderate  heat,  this  desiccation  is  very  easily  accomplished  by  a 
water  or  steam  bath ;  in  other  cases,  exposure  at  common  tenipera- 
tures  to  the  absorbent  powers  of  a  large  surface  of  oil  of  vitriol  in  the 
vacuum  of  an  air-pump  must  be  substituted. 

The   operation  of  weighing  the  dried  ^'■9- 1*8. 

powder  is  conducted  in  a  narrow  open 
tube,  about  2^  or  3  inches  long :  the  tube 
and  substance  are  weighed  together,  and, 
when  the  latter  has  been  removed,  the 
tube  with  any  little  adherent  matter  is  re- 
weighed.  This  lyeight,  subtracted  from 
the  former,  gives  the  weight  of  the  sub- 
stance employed  in  the  experiment.  As 
only  5  or  6  grains  are  used,  the  weighings 
should  not  involve  a  greater  error  than 
part  of  a  grain. 

The  protoxide  of  copper  is  best  made  from  the  nitrate  by  complete 
ignition  in  an  earthen  crucible:  it  is  reduced  to  powder,  and  reheated 
just  before  use,  to  expel  hygroscopic  moisture,  which  it  absorbs,  even 
while  warm,  with  avidity.  The  combustion  is  performed  in  a  tube  of 
hard  white  Bohemian  glass,  having  a  diameter  of  0*4  or  0*5  inch, 
and  in  length  varying  from  14  to  18  inches :  this  kind  of  glass 
bears  a  modei'ate  red-heat  without  becoming  soft  enough  to  lose  its 
shape.  One  end  of  the  tube  is  drawn  out  to  a  point,  as  shown  in 
fig.  149,  and  closed ;  the  other  is  simply  heated  to  fuse  and  soften 
the  sharp  edges  of  the  glass.  The  tube  is  now  two-thirds  filled  with 
the  yet  warm  protoxide  of  copper,  nearly  the  whole  of  which  is 
transferred  to  a  small  porcelain  or  Wedgwood  mortar,  and  very  inti- 
mately mixed  with  the  organic  substance.  The  mixture  is  next  trans- 
fen-ed  to  the  tube,  and  the  mortar  rinsed  with  a  little  fresh  and  hot  oxide, 

V  Fiy.  149. 


Protoxide  copper.  Mixture.  Protoxide  copper. 

which  is  added  to  the  rest ;  the  tube  is,  lastly,  filled  to  within  an 
inch  of  the  open  end  with  oxide  from  the  crucible.  A  few  gentle 
taps  on  the  table  suffice  to  shake  together  the  contents,  so  as  to  leave 
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a  free  passage  for  the  evolved  gases  from  end  to  end.  The  arrange- 
ment of  the  mixture  and  oxide  in  the  tube  is  represented  in  the 
sketch. 

The  tube  is  then  ready  to  be  placed  in  the  furnace  or  chauffer :  this 
is  constructed  of  thin  sheet-iron,  and  is  furnished  with  a  series 
of  supports  of  equal  height,  which  serve  to  prevent  flexure  in  the 
combustion-tube  when  softened  by  heat.    The  chauffer  is  placed  upon 

Fig.  150. 


flat  bricks  or  a  piece  of  stone,  so  that  but  little  air  can  enter  the 
grating,  unless  the  whole  be  purposely  raised.  A  slight  inclination  is 
also  given  towards  the  extremity  occupied  by  the  mouth  of  the  com- 
bustion-tLibe,  which  passes  through  a  hole  provided  for  the  purpose. 

To  collect  the  water  produced  in  the  experiment,  a  small  light  tube 
of  the  form  represented  in  fig.  151,  filled  with  fragments  of  spongy 
chloride  of  calcium,  is  attached  by  a  perforated  cork,  thoroughly  dried, 

Pig.  152. 


Fig.  151. 


to  the  open  extremity  of  the  combustion-tube.  The  cai'bonic  ao,d  is 
condensed  into  a  solution  of  caustic  potassa,  of  specific  gravity  1-27, 
which  is  contained  in  a  small  glass  apparatus  on  the  principle  of  a 
Woulfe's  bottle,  shown  in  fig.  152.  The  connection  betweeu  the  lat- 
ter and  the  chloride-of-calcium-tube  is  completed  by  a  little  tube  ot 
caoutchouc,  secured  with  silk  cord.  The  whole  is  shown  in  fig  153, 
as  arranged  for  use.  Both  the  chloride-of-calcium-tube  and  the 
potass-apparatus  are  weighed  with  the  utmost  care  before  the  expen- 

™^The  tightness  of  the  junctions  may  be  ascertained  by  slightly  rare- 
fying the  included  air  by  sucking  a  few  bubbles  from  the  interior 
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through  the  liquid,  using  the  dry  lips,  or  better  a  little  bent  tube  with  a 
perforated  cork :  if  the  difference  of  level  of  the  liquid  in  the  two  limbs 
of  the  potass-apparatus  be  preserved  for  several  minutes,  the  joints  are 
perfect.  Red-hot  charcoal*  is  now  placed  around  the  anterior  portion 
of  the  combustion-tube,  containing  the  pure  oxide  of  copper ;  and 
when  this  is  red-hot,  the  fire  is  slowly  extended  towards  the  farther 
extremity  by  shifting  the  moveable  screen  represented  in  the  di-awing. 

Fig  153. 


Drawing  of  the  whole  arrangement. 

The  experiment  must  be  so  conducted,  that  an  uniform  stream  of  car- 
bonic acid  shall  enter  the  potass-apparatus  by  bubbles  which  may  be 
easily  counted ;  when  no  nitrogen  is  present,  these  bubbles  are  towards 
the  termination  of  the  experiment  almost  completely  absorbed  by  the 
alkaline  liquid,  the  little  residue  of  air  alone  escaping.  In  the  case 
of  an  azotized  body,  on  the  contrary,  bubbles  of  nitrogen  gas  pass 
through  the  potassa-solution  during  the  whole  process. 

When  the  tube  has  become  completely  heated  from  end  to  end,  and 
no  more  gas  is  disengaged,  but,  on  the  other  hand,  absorption  begins 
to  be  evident,  the  coals  are  removed  from  the  farther  extremity  of  the 
combustion-tube,  and  the  point  of  the  latter  broken  off.  A  little  air 
is  drawn  through  the  whole  apparatus,  by  which  the  remaining  car- 
bonic acid  and  watery  vapour  are  secui-ed.  The  parts  are,  lastly, 
detached,  and  the  chloride-of-calcium-tube  and  potass-apparatus  re- 
weighed.  The  following  account  of  a  real  experiment  will  serve  as 
an  illustration ;  the  substance  examined  was  crystallized  sugar. 

Quantity  of  sugar  employed    .       .  4*750  gi'ains. 

Potass-apparatus  weighed  after  experiment  781 'IS 
„  „        before  experiment  773*82 

Carbonic  acid     .       .  7*31 


Chloride-of-calcium-tube  after  experiment  226*05 
„  „  before  experiment  223*30 


Water  .       ,  2*75 


*  Instead  of  charcoal  gas  may  be  used  as  fuel :  but  then  the  whole  disposi- 
tion  of  the  apparatus  has  to  be  changed.  See  Llebig's  Handbook  of  Organic 
Analysis,  p.  127. 
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7"31  gr.  carbonic  acid=l*994  gr.  carbon:  and  2-75  gr.  water: 
0'3056  gr.  hydrogen ;  or  in  100  parts  of  sugar,* 

Carbon       ,          .          .          .  41-98 

Hydrogen         .           .           .           .  6"43 

Oxygen,  by  difference          .          .  51-59 


100-00 


When  the  organic  substance  cannot  be  mixed  with  the  protoxide  of 
copper  in  the  manner  described,  the  process  must  be  slightly  modified 
to  meet  the  particular  case.    If,  for  example,  a  volatile  liquid  is  to  be 

examined,  it  is  enclosed  in  a  little  glass 
Fig.  154.  bulb  with  a  narrow  stem,  which  is  weighed 

before  and  after  the  introduction  of  the  li- 
quid, the  point  being  hermetically  sealed. 
The  combustion-tube  must  have,  in  this 
case,  a  much  greater  length ;  and,  as  the 
protoxide  of  copper  cannot  be  introduced 
hot,  it  must  be  ignited  and  cooled  out  of 
contact  with  the  atmosphere,  to  prevent  ab- 
sorption of  watei'y  vapour.  This  is  most 
conveniently  effected  by  transferring  it,  in 
a  heated  state,  to  a  large  platinum  crucible, 
to  which  a  closely  fitting  cover  can  be 
adapted.  When  quite  cold,  the  cover  is 
removed  and  instantly  replaced  by  a  dry  glass  funnel,  by  the  assistance 
of  which  the  oxide  may  be  directly  poured  into  the  combustion-tube, 
with  merely  momentary  exposure  to  the  air.  A  little  oxide  is  put  in, 
then  the  bulb,  with  its  stem  broken  at  a,  a  file-scratch  having  been 
previously  made ;  and,  lastly,  the  tube  is  filled  with  the  cold  and  di-y 
protoxide  of  copper.  It  is  arranged  in  the  chauffer,  the  chloride-of- 
calcium-tube  and  potass-apparatus  adjusted,  and  then,  some  six  or  eight 
inches  of  oxide  having  been  heated  to  redness,  the  liquid  in  the  bulb 
is,  by  the  approximation  of  a  hot  coal,  expelled,  and  slowly  converted 
into  vapour,  which,  in  passing  over  the  hot  oxide,  is  completely 
burned.  The  experiment  is  then  tenninated  in  the  usual  manner. 
Fusible  fatty  substances,  and  volatile  concrete  bodies,  as  camphor, 
require  rather  different  management,  which  need  not  be  here  de- 
scribed. 

Protoxide  of  copper,  which  has  been  used,  may  be  easily  restored  by 

*  The  theoretical  composition  of  sugar  C12H11O11,  reckoned  to  100  parts, 
gives — 

Carbon    .         .  ■         •  42-11 

Hydrogen  .  .  .  •  ^'^^ 
Oxygen    .         .  .  •  51-46 

100-00 
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moistening  with  nitric  acid,  and  igniting  to  redness ;  it  becomes,  in 
fact,  rather  improved  than  otherwise,  as  after  frequent  employment  its 
density  is  increased,  and  its  troublesome  hygroscopic  powers  dimi- 
nished. For  substances  which  are  veiy  difficult  of  combustion,  from 
the  large  proportion  of  carbon  they  contain,  and  for  compounds  into 
which  chlorine  enters  as  a  constituent,  fused  and  powdered  chromate 
of  lead  is  very  advantageously  substituted  for  the  protoxide  of  copper. 
Cbi-omate  of  lead  freely  gives  up  oxygen  to  combustible  matters,  and 
even  evolves,  when  strongly  heated,  a  little  of  that  gas,  which  thus 
insures  the  perfect  combustion  of  the  organic  body. 

Analysis  of  Azotized  Substances. — The  presence  of  nitrogen  in  an 
organic  compound  is  easily  ascertained  by  heating  a  small  portion 
with  solid  hydrate  of  potassa  in  a  test-tube  :  the  nitrogen,  if  present, 
is  converted  into  ammonia,  which  may  be  recognized  by  its  odour  and 
alkaline  reaction.  There  are  several  methods  of  determining  the 
proportion  of  nitrogen  in  azotized  organic  substances,  the  experimenter 
being  guided  in  his  choice  of  means  by  the  nature  of  the  substance 
and  its  comparative  richness  in  that  element.  The  carbon  and  hydro- 
gen are  first  determined  in  the  usual  manner,  a  longer  tube  than 
usual  is  employed,  and  four  or  five  inches  of  its  anterior  portion  filled 
with  spongy  metallic  copper,  made  by  reducing  the  protoxide  by  hy- 
di'ogen :  this  serves  to  decompose  any  nitrous  acid  or  binoxide  of 
nitrogen,  which  may  be  formed  in  the  act  of  combustion.  During  the 
experiment  some  idea  of  the  abundance  or  paucity  of  the  nitrogen 
may  be  formed  from  the  number  of  bubbles  of  incondensible  gas  which 
traverse  the  solution  of  potassa. 


Pig.  153. 


In  the  case  of  compounds  abounding  in  nitrogen,  and  readily  burned 
by  protoxide  of  copper,  a  method  may  be  employed,  which  is  very 
easy  of  execution :  this  consists  in  determining  the  ratio  borne  by  the 
liberated  nitrogen  to  the  carbonic  acid .  produced  in  the  combustion. 
A  tube  of  hard  glass,  of  the  usual  diameter,  and  about  15  inches  long, 
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is  sealed  at  one  end ;  a  little  of  the  organic  substance,  mixed  with 
protoxide  of  copper,  is  introduced,  and  allowed  to  occupy  about  two 
inches  of  the  tube ;  about  as  much  pure  oxide  is  placed  over  it,  and 
then  another  portion  of  a  similar  mixtui'e ;  after  which  the  tube  is 
filled  up  with  a  second  and  larger  portion  of  pure  oxide,  and  a  quan- 
tity of  spongy  metallic  copper.  A  short  bent  tube,  made  moveable 
by  a  caoutchouc  joint,  is  fitted  by  a  perforated  cork,  and  made  to  dip 
into  a  mercurial  trough,  while  the  combustion-tube  itself  rests  in  the 
chauiFer.    (Fig.  155.) 

Fire  is  first  applied  to  the  anterior  part  of  the  tube  containing  the 
metal  and  unmixed  oxide,  and,  when  this  is  red-hot,  to  the  extreme 
end.  Combustion  of  the  first  portion  of  the  mixture  takes  place,  the 
gaseous  products  sweeping  before  them  nearly  the  whole  of  the  air  of 
the  apparatus.  When  no  more  gas  issues,  the  tube  is  slowly  heated 
by  half  an  inch  at  a  time,  in  the  usual  manner,  and  all  the  gas  very 
carefully  collected  in  a  graduated  jar,  until  the  operation  is  at  an  end. 

The  volume  is  then  read  off,  and  some  strong  solution  of 
Mg.  156.  caustic  potassa  thrown  up  into  the  jar  by  a  pipette  with  a 
curved  extremity.  When  the  absorption  is  complete,  the 
^  residual  volume  of  nitrogen  is  observed,  and  compared 
with  that  of  the  mixed  gases,  proper  correction  being  made 
for  differences  of  level  in  the  mercury,  and  from  these  data 
the  exact  proportion  borne  by  the  nitrogen  to  the  carbon 
can  be  at  once  determined.* 

If  the  proportion  of  nitrogen  be  but  small,  the  error 
from  the  nitrogen  of  the  residual  atmospheric  air  becomes 
so  great  as  to  destroy  all  confidence  in  the  result  of  the 
experiment ;  and  the  same  thing  happens  when  the  sub- 
stance is  incompletely  burned  by  protoxide  of  copper : 
other  means  must  then  be  employed.  The  absolute 
method  of  determination,  also  known  by  the  name  of 
Dumas'  method,  may  be  had  recom-se  to  when  the  fore- 
going, or  comparative  method,  fails  from  the  first  cause 
mentioned ;  it  gives  excellent  results,  and  is  applicable 
to  all  azotized  substances. 

A  tube  of  good  Bohemian  glass,  28  inches  long,  is  securely  sealed 
at  one  end ;  into  this  enough  dry  bicarbonate  of  soda  is  put  to  occupy 
6  inches.  A  little  pure  protoxide  of  copper  is  next  introduced,  and 
afterwards  the  mixture  of  oxide  and  organic  substance,  the  weight 
of  the  latter,  between  4-5  and  9  gi-ains,  in  a  dry  state,  having  been 

*  Volwmes  of  the  two  gases  represent  equivalents ;  for 

100  cubic  inches  carbonic  acid  weigh  47'26  grains. 
100         ,,      nitrogen      „  30-14 
i1-26    :    30-14    =    22    :  14 

The  last  two  terms  are  the  equivalent  numbers .-  one  equivalent  of  carbonic 
acid  contains  one  equivalent  of  carbon. 
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correctly  detei-mined.  The  remainder  of  the  tube,  amounting  to 
nearly  one-half  of  its  length,  is  then  filled  up  with  pure  protoxide  of 
copper  and  spongy  metal,  and  a  round  cork,  perforated  by  a  piece  of 
narrow  tube,  is  securely  adapted  to  its  mouth.  This  tube  is  con- 
nected by  means  of  a  caoutchouc  joint  with  a  bent  delivery-tube,  a, 
and  the  combustion-tube,  arranged  in  the  furnace.  A  few  coals  are 
now  applied  to  the  farther  end  of  the  tube,  so  as  to  decompose 
a  portion  of  the  bicarbonate  of  soda,  the  remainder  of  the  car- 
bonate as  well  as  of  the  other  part  of  the  tube  being  protected  from 
the  heat  by  a  screen  n.  The  current  of  cai'bonic  acid  thus  produced 
is  intended  to  expel  all  the  air  from  the  apparatus.  In  order  to 
ascertain  that  this  object,  on  which  the  success  of  the  whole  operation 
depends,  is  accomplished,  the  delivery-tube  is  depressed  under  the 
level  of  a  mercurial  trough,  and  the  gas,  which  is  evolved,  collected  in 
a  test-tube  filled  with  concentrated  potassa-solution.  If  the  gas  be 
perfectly  absorbed,  or,  after  the  introduction  of  a  considerable  quan- 
tity, only  a  minute  bubble  be  left,  the  air  may  be  considered  as  ex- 
pelled. The  next  step  is  to  fill  a  graduated  glass  jar  two-thirds  with 
mercury  and  one-third  with  a  strong  solution  of  potassa,  and  to  invert 
it  over  the  delivery-tube,  as  represented  in  fig.  157. 


JV£r.  151. 


This  done,  fire  is  applied  to  the  tube,  commencing  at  the  front 
end,  and  gradually  proceeding  to  the  closed  extremity,  which  still 
contains  some  undecomposed  bicarbonate  of  soda.  This,  when  the 
fire  at  length  reaches  it,  yields  up  carbonic  acid,  which  chases 
forward  the  nitrogen  lingering  in  the  tube.  Tlie  carbonic  acid 
generated  during  the  combustion  is  wholly  absorbed  by  the  potassa 
in  the  jar,  and  nothing  is  left  but  the  nitrogen.  When  the 
operation  is  at  an  end,  the  jar,  with  its  contents,  is  transferred 
to  a  vessel  of  water,  and  the  volume  of  the  nitrogen  read  off". 
This  is  properly  corrected  for  temperature,  pressure,  "and  aqueous 
vapour,  and  its  weight  detei-mined  by  calculation.  When  the 
operation  has  been  very  successful,  and  all  precautions  minutely  ob- 
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served,  the  result  still  leaves  an  error  in  excess,  amounting  to  0"3 
or  0*5  per  cent.,  due  to  the  residual  air  of  the  apparatus,  or  that  con- 
densed in  the  pores  of  the  protoxide  of  copper. 

A  most  elegant  process  for  estimating  nitrogen  in  all  organic  com- 
pounds, except  those  containing  tlie  nitrogen  in  the  fom  of  nitrous, 
hyponitric,  and  nitric  acids,  has  been  put  in  practice  by  MM.  Will  and 
Varrentrapp.  When  a  non-azotized  organic  substance  is  heated  to 
redness  with  a  large  excess  of  hydrate  of  potassa  or  soda,  it  suffers 
complete  and  speedy  combustion  at  the  expense  of  the  water  of  the 
hydrate,  the  oxygen  combining  with  the  carbon  of  the  organic  matter 
to  carbonic  acid,  which  is  retained  by  the  alkali,  while  its  hydrogen, 
together  with  that  of  the  substance,  is  disengaged,  sometimes  in 
union  with  a  little  carbon.  The  same  change  happens  when  nitrogen 
is  present,  but  with  this  addition  :  the  whole  of  the  nitrogen  thus 
abandoned  combines  with  a  portion  of  the  liberated  hydrogen  to  form 
ammonia.  It  is  evident,  therefore,  that  if  this  experiment  be  made 
on  a  weighed  quantity  of  matter,  and  circumstances  allow  the  collec- 
tion of  the  whole  of  the  ammonia  thus  produced,  the  proportion  of 
nitrogen  can  be  easily  calculated. 

An  intimate  mixture  is  made  of  1  part  caustic  soda,  and  2  or  3 
parts  quick-lime,  by  slaking  lime  of  good  quality  with  the  proper 
proportion  of  strong  caustic  soda,  drying  the  mixture  in  an  iron 
vessel,  and  then  heating  it  to  redness  in  an  earthen  crucible.  The 
ignited  mass  is  rubbed  to  powder  in  a  warm  mortal-,  and  carefully 
preserved  from  the  air.  The  lime  is  useful  in  many  ways  :  it  dimi- 
nishes the  tendency  of  the  alkali  to  deliquescence,  facilitates  mixture 
with  the  organic  substance,  and  prevents  fusion  and  liquefaction.  A 
proper  quantity  of  the  substance  to  be  analyzed,  namely,  from  5  to  1 0 
gi'ains,  is  dried  and  accurately  weighed  out :  this  is  mixed  in  a  warm 


porcelain  mortar  with  enough  of  the  soda-lime  to  fill  two-thirds  of  an 
ordinary  combustion-tube,  the  mortar  being  rinsed  with  a  little  more 
of  the  alkaline  mixture,  and,  lastly,  with  a  small  quantity  of  powdered 
glass,  which  completely  removes  everything  adherent  to  its  surface ; 
the  tube  is  then  filled  to  within  an  inch  of  the  open  end  with  the 
lime-mixture,  and  arranged  in  the  chauffer  in  the  usual  manner.  The 
ammonia  is  collected  in  a  little  apparatus  of  three  bulbs,  containing 
moderately  strong  hydrochloric  acid,  attached  by  a  cork  to  the  com- 
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bustion-tube.  Matters  being  thus  adjusted,  fire  is  applied  to  the  tube 
commencing  with  the  anterior  extremity.  When  ignited  throughout 
its  whole  length,  and  when  no  more  gas  issues  from  the  apparatns, 
the  point  of  the  tube  is  broken,  and  a  little  air  drawn  through 
the  whole.  The  acid  liquid  is  then  emptied  into  a  capsule,  the 
bulbs  rinsed  into  the  same,  first  with  a  little  alcohol,  and  then  re- 
peatedly with  distilled  water ;  an  excess  of  pure  bichloride  of  plati- 
num is  added,  and  the  whole  evaporated  to  dryness  in  a  water-bath. 
The  dry  mass,  when  cold,  is  treated  with  a  mixture  of  alcohol  and 
ether,  which  dissolves  out  the  superfluous  bichloiide  of  platinum,  but 
leaves  untouched  the  yellow  crystalline  double  chloride  of  platinum 
and  ammonium.  The  latter  is  collected  upon  a  small  weighed  filter, 
washed  with  the  same  mixture  of  alcohol  and  ether,  dried  at  212° 
(100°C),  and  weighed;  100  parts  correspond  to  6 -27  2  parts  of  nitrogen; 
or,  the  salt  with  its  filter  may  be  very  carefully  ignited,  and  the  filter 
burned  in  a  platinum  crucible,  and  the  nitrogen  reckoned  from  the 
weight  of  the  spongy  metal,  100  parts  of  that  substance  corresponding 
to  14'18  parts  of  nitrogen.  The  former  plan  is  to  be  preferred  in 
most  cases. 

Bodies  very  rich  in  nitrogen,  as  urea,  must  be  mixed  with  about  an 
equal  quantity  of  pure  sugar,  to  furnish  incondensible  gas,  and  thus 
diminish  the  violence  of  the  absorption  which  otherwise  occurs  ;  and 
the  same  precaution  must  be  taken,  for  a  diSerent  reason,  with  those 
which  contain  little  or  no  hydrogen. 

A  modification  of  this  process  has  been  lately  suggested  by 
M.  Pe'ligot,  which  is  very  convenient  if  a  large  number  of  nitrogen- 
determinations  is  to  be  made.  By  this  plan  the  ammonia,  instead  of 
being  received  in  hydrochloric  acid,  is  conducted  into  a  known 
volume  (from  to  1  cubic  inch)  of  a  standard  solution  of  sulphuric 
acid,  contained  in  the  ordinary  nitrogen-bulbs.  After  the  combus- 
tion is  finished,  the  acid  containing  the  ammonia  is  poured  out  into  a 
beaker,  coloured  with  a  drop  of  tincture  of  litmus,  ftiid  then  neutral- 
ized with  a  standard  solution  of  soda  in  water  or  of  lime  in  sugar- 
water,  the  point  of  neutralization  becoming  perceptible  by  the  sudden 
appearance  of  a  blue  tint.  The  lime-solution  is  conveniently  poured 
out  from  the  graduated  glass-tube,  described  under  the  head  of 
alkalimetry.  The  volume  of  lime-solution  necessary  to  neutralize 
tlie  same  amount  of  acid,  which  is  used  for  condensing  the  am- 
monia, having  been  ascertained  by  a  preliminary  experiment,  it 
is  evident  that  the  difference  of  the  quantities  used  in  the  two  ex- 
periments gives  the  ammonia  collected  during  the  combustion  in  the 
acid.  The  amount  of  nitrogen  may  thus  be  calculated.  If,  for  instance, 
an  acid  be  prepared,  containing  20  grains  of  pure  hydrated  sulphuric 
acid  CS03,H0)  in  1,000  grain-measures — 200  grain-measures  of 
this  acid— the  quantity  introduced  into  the  bulbs — correspond  to  1-38 
grains  of  ammonia,  or  1-14  grains  of  nitrogen.  The  alkaline  solution 
is  so  graduated  that  1,000  grain  measures  will  exactly  neutralize  the 
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200  grain-measures  of  the  standard  acid.  If  we  now  find  that  the 
acid,  partly  saturated  with  the  ammonia  disengaged  during  tlie  com- 
bustion of  a  nitrogenous  substance,  requires  only  700  grain-mea- 

200x300 

sures  of  tlie  alkaline  solution,  it  is  evident  that  =60  gn'ain- 

1000  ^ 

measures  were  saturated  by  the  ammonia,  and  the  quantity  of  nitro- 
gen is  obtained  by  the  proportion 

1-14x60 

200  :  1-14=60       wherefrom  a;  =  =  0-342  g-rains  of  ni- 

200 

trogen. 

Estimation  of  Sulphur  in  Organic  Compounds. — When  bodies  of 
this  class  containing  sulphur  are  burned  with  protoxide  of  copper,  a 
small  tube  containing  binoxide  of  lead  must  be  interposed  between 
the  chloride-of-calcium-tube  and  the  potass-apparatus  to  retain  any 
sulphurous  acid  which  may  be  formed.  It  is  better,  however,  to  use 
chromate  of  lead  in  such  cases.  The  proportion  of  sulphur  is  deter- 
mined by  oxidizing  a  known  weight  of  the  substance  by  strong 
nitric  acid,  or  by  fusion  in  a  silver  vessel  with  ten  or  tv^elve  times 
its  weight  of  pure  hydrate  of  potassa  and  half  as  much  nitre.  The 
sulphur  is  thus  converted  into  sulphuric  acid,  the  quantity  of  which 
can  be  determined  by  dissolving  the  fused  mass  in  water,  acidulating 
with  nitric  acid,  and  adding  a  salt  of  baryta.  Phosphorus  is,  in  like 
manner,  oxidized  to  phosphoric  acid,  the  quantity  of  which  is  deter- 
mined by  precijjitation  in  combination  with  sesquioxide  of  iron,  or 
otherwise. 

Estimation  of  Chlorine.— The  case  of  a  volatile  liquid  containing 
chlorine  is  of  very  frequent  occurrence,  and  may  be  taken  as  an  illus- 
tration of  the  general  plan  of  proceeding.  The  combustion  with 
protoxide  of  copper  must  be  very  carefully  conducted,  and  two  or 
three  inches  of  the  anterior  portion  of  the  tube  kept  cool  enough  to 
prevent  volatilization  of  the  chloride  of  copper  into  the  chloride-of- 
calcium-tube.  Chromate  of  lead  is  much  better  for  the  purpose. 
The  chlorine  is  correctly  determined  by  placing  a  small  weighed  bulb 
of  liquid  in  a  combustion-tube,  which  is  afterwards  filled  with  frag- 
ments of  pure  quick-lime.  The  lime  is  brought  to  a  red-heat,  and 
the  vapour  of  the  liquid  driven  over  it,  when  the  chlorine  displaces 
oxygen  from  the  lime,  and  gives  rise  to  chloride  of  calcium.  When 
cold,  the  contents  of  the  tube  are  dissolved  in  the  dilute  nitric  acid, 
filtered,  and  the  chlorine  precipitated  by  nitrate  of  silver. 

EMPIRICAL  AND  RATIONAL  FORMULA. 

A  chemical  formula  is  termed  empirical  when  it  merely  gives  tlie 
simplest  possible  expression  of  the  composition  of  the  substance  to 
which  it  refers.    A  rational  formula,  on  the  contrary,  aims  at  de- 
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scribing  the  exact  composition  of  one  equivalent,  or  combining  pro- 
portion o{  the  substance,  by  stating  the  absolute  number  of  equiva- 
lents of  each  of  its  elements  essential  to  that  object,  as  well  as  the 
mere  relations/ existing  between  them.  The  empirical  formula  is  at 
once  deduced  from  the  analysis  of  the  substance,  reckoned  to  100 
pai-ts ;  the  rational  formula  requires  in  addition  a  knowledge  of  its 
combining  quantity,  which  can  only  be  obtained  by  direct  experiment, 
by  synthesis,  or  by  the  careful  examination  of  one  or  more  of  its  most 
definite  compounds.  Farther,  the  rational  may  either  coincide  with 
the  empirical  formula,  or  it  may  be  a  multiple  of  the  latter. 

Thus,  the  composition  of  acetic  acid  is  expressed  by  the  formula 
C4H3O3,  which  exhibits  the  simplest  relations  of  the  three  elements, 
and  at  the  same  time  expresses  the  quantities  of  these,- in  equivalents, 
required  to  make  up  an  equivalent  of  acetic  acid ;  hence,  it  is  both 
empirical  and  rational.  On  the  other  hand,  the  empirical  formula  of 
crystallized  kinic  acid  is  C,HgOg,  while  its  rational  formula,  deter- 
mined by  its  capacity  of  saturation,  is  double,  or  0,^11, gOjj,  other- 
wise written  C,4H|,0,,,  HO.  In  like  manner,  the  empirical  for- 
mula of  the  artificial  alkaloids  furfurine  and  amarine  are  respec- 
tively CijHgNOg  and  CjiHgN.  The  equivalents  of  these  substances, 
that  is  to  say,  the  quantities  required  to  form  neutral  salts  with  one 
equivalent  of  any  well-defined  monobasic  acid  will,  however,  be  ex- 
pressed by  the  foi-mulai  CggHjjNjOg  and  CjjHjijNj ;  hence  these 
latter  deserve  the  name  of  rational  foimula!. 

The  deduction  of  an  empirical  formula  from  the  ultimate  analysis  is 
very  easy ;  the  case  of  sugar,  already  cited,  may  be  taken  as  an 
example.    This  contains,  according  to  the  analysis,  in  1 00  parts — 


Carbon  .  .  .41-98 
Hydrogen  .  .  6*43 
Oxygen      .       .  .51-59 


"  100 -00 

If  each  of  these  quantities  be  divided  by  the  equivalent  of  the 
element,  the  quotients  will  express  ni  equivalents  the  relations  existing 
between  them  ;  these  are  afterwards  reduced  to  their  simplest  expres- 
sion. This  is  the  only  part  of  the  calculation  attended  with  any  diffi- 
culty :  if  the  numbers  were  rigidly  correct,  it  would  only  be  necessaiy 
to  divide  each  by  the  greatest  divisor  common  to  the  whole  ;  as  tliey 
are,  however,  only  approximative,  something  is  of  necessity  left  to  the 
judgment  of  the  experimenter,  who  is  obliged  to  use  more  indirect 
means. 

41-98  51-59 

-— =  6-99;  6-43;   =  6-44, 

b  S 

or  699  eq.  carbon,  643  eq.  hydrogen,  and  644  eq.  oxygen. 
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It  will  be  evident,  in  the  first  place,  that  the  hydrogen  and  oxygen 
are  present  in  the  proportions  to  form  water,  or  as  many  equivalents 
of  one  as  of  the  other.  Again,  the  equivalents  of  carbon  and  hy- 
drogen are  nearly  in  the  proportion  of  12  :  11,  so  that  the  formula 
C,2H,,0,,  appears  likely  to  be  correct.  It  is  now  easy  to  see  how 
far  this  is  admissible,  by  reckoning  it  back  to  100  parts,  comparing 
the  result  with  the  numbers  given  by  the  actual  analysis,  and  observing 
whether  the  difference  falls  fairly  in  direction  and  amount  within  the 
limits  of  error  of  what  may  be  termed  a  good  experiment,  viz.,  two  or 
three  tenths  per  cent,  deficiency  in  the  carbon,  and  not  more  than 
one-tenth  per  cent,  excess  in  the  hydrogen. 


Carbon  .  ,.  .  .6x12  =  72 
Hydrogen  .  .  .  11  eq.  =  ll 
Oxygen     ....  8x11=88 


171 

171  :  72  =  100  :  42-11 
171  :  11  =  100  :  6-43 
171  :  88=100  :  5-146 

Organic  acids  and  salt-radicals  have  their  proper  equivalents  most 
frequently  determined  by  an  analysis  of  their  lead-  and  silver-salts,  by 
burning  these  latter  with  suitable  precautions  in  a  thin  porcelain  cap- 
sule, and  noting  the  weight  of  the  protoxide  of  lead  or  metallic  silver 
left  behind.  If  the  protoxide  of  lead  be  mixed  with  globules  of  reduced 
metal,  the  quantity  of  the  latter  must  be  ascertained  by  dissolving 
away  the  oxide  by  acetic  acid.  Or  the  lead-salt  may  be  converted 
into  sulphate,  and  the  silvei'-compound  into  chloride,  and  both  metals 
thus  estimated.  An  organic  base,  on  the  contrary,  or  a  basyle,  has 
its  equivalent  fixed  by  the  observation  of  the  quantity  of  a  mineral 
acid,  or  an  inorganic  salt-radical,  required  to  form  with  it  a  combina- 
tion having  the  characters  of  neutrality. 


DETERMINATION  OF  THE  DENSITY  OF  VAPODRS. 

The  detei-mination  of  the  specific  gravity  of  the  vapour  of  a  vola- 
tile substance  is  frequently  a  point  of  great  importance,  inasmuch  as 
it  gives  the  means,  in  conjunction  with  the  analysis,  of  representing 
the  constitution  of  the  substance  by  measure  in  a  gaseous  state.  The 
following  is  a  slietch  of  the  plan  of  operation  usually  followed : — A 
light  glass  globe,  about  three  inches  in  diameter,  is  taken,  and  its 
neck  softened  and  drawn  out  in  the  blowpipe-flame,  as  represented  in 
the  figure  :  this  is  accurately  weighed.  About  one  hundred  grains 
of  the  volatile  liquid  are  then  introduced,  by  gently  warming  the  globe 
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and  dipping  the  point"  into  the  liquid,  which  is  then  forced  upwards 
by  the  pressure  of  the  air  as  the  vessel  cools.  The  globe  is  next 
firmly  attached  by  wire  to  a  handle,  in  such  a  manner  that  it  may  be 
plunged  into  a  bath  of  boiling  water  or  heated  oil,  and  steadily  held 
with  the  point  projecting  upwards.  The  bath  must  have  a  temper- 
ature considerably  above  that  of  the  boiling-point  of  the  liquid.  The 
latter  becomes  rapidly  converted  into  vapour,  which  escapes  by  the 
narrow  orifice,  chasing  before  it  the  air  of  the 
globe.  When  the  issue  of  vapour  has  wholly 
ceased,  and  the  temperature  of  the  bath,  care-  Mg.  159. 

fully  observed,  appears  pretty  uniform,  the  open 
extremity  of  the  point  is  hermetically  sealed 
by  a  small  blowpipe-flame.  The  globe  is  re- 
moved from  the  bath,  suffered  to  cool,  cleansed 
if  necessary,  and  weighed,  after  which  the  neck 
is  broken  off  beneath  the  surface  of  water  which 
has  been  boiled  and  cooled  out  of  contact  of 
air,  or  better  mercury.  The  liquid  enters  the 
globe,  and,  if  the  expulsion  of  the  air  by  the 
vapour  has  been  complete,  fills  it;  if  other- 
wise, an  air-bubble  is  left,  whose  volume  can 
be  easily  ascertained  by  pouring  the  liquid 
from  the  globe  into  a  jar  graduated  to  cubic 
inches,  and  then  refilling  the  globe,  and  re- 
peating the  same  observation.  The  capacity 
of  the  vessel  is  thus  at  the  same  time  known  ; 
and  these  are  all  the  data  required.  An  ex- 
ample will  render  the  whole  intelligible. 


Determination  of  the  density  of  the  vapour  of  Acetone. 

Capacity  of  globe  ....       31-61  cubic  inches. 

Weight  of  globe  filled  with  dry  air  at 
52°  (11°-11C)  and  30-24  inches  baro- 
meter   2070-88  grains. 

Weight  of  globe  filled  with  vapour  at  212° 
(100°C)  temp,  of  the  bath  at  the  mo- 
ment of  sealing  the  point,  and  30-24 
inches  barometer         ....     2076-31  grains. 

Residual  air,  at  45^  (7°-22C),  and  30-24 

inches  barometer        ....  0-60  cubic  inch. 


31-61  cub.  inches  of  air  at  52°  and  30-24  in  bar.  =  32-36  cub.  inches 
at  60   (15°-5C)  and  30  inch,  bar.,  weighing    .    .    10-035  grains. 
Hence,  weight  of  empty  globe,  2070-88  —  10-035  =  2060-845  grains 
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0-6  c.  inch  of  air  at  45°  =0-8  c.  inch  at  212°  ;  weight  of  do.  by  caJ- 
culation  =  0-191  grain. 

31*61 — 0-8  =  30-81  cubic  inches  of  vapoiir  at  212°  and  30-24  in 
bar.,  which,  on  the  supposition  that  it  could  bear  cooling  to  (30° 
without  liquefaction,  would,  at  that  temperature,  and  under  a  pres- 
sure of  30  inch,  bar.,  become  reduced  to  24-18  cubic  inches. 

Hence, 

Weight  of  globe  and  vapour       .       ,       ,       2076-810  grains. 
„        residual  air  .       ,       ,       .  0-191 


2076-619 

Weight  of  globe   2060-845 


Weight  of  the  24-18  cubic  inohes.  of  vapour  15-774 
Consequently,  100  cubic  inches  of  such  vapour  must 

weigh        .       ,       ...       .       .       .  65-23  grains. 

100  cubic  inches  of  air,  under  similar  circumstances, 

weigh   31-01 

65-23 

^^-—  =  2-103,  the  specific  gravity  of  the  vapour  in  question, 
air  being  unity. 


In  the  foregoing  statement  a  correction  has  been,  for  the  sake  of 
simplicity,  omitted,  which,  in  very  exact  experiments,  must  not  be 
lost  sight  of,  viz.,  the  expansion  and  change  of  capacity  of  the  glass 
globe  by  the  elevated  temperature  of  the  bath.  The  density  so 
obtained  will  be  always  on  this  account  a  little  too  high. 

The  error  to  which  the  mercurial  themometer  is,  at  high  tempera- 
tures, liable,  tends  in  the  opposite  direction. 


It  is  easy  to  compare  the  actual  specific  gravity  of  the  vapour 
found  in  the  manner  above  described  with  the  theoretical  specific 
gravity  deduced  from  the  formula  of  the  substance  : — 

The  formula  of  acetone  is  C3H3O.  In  combining  volumes  this 
is  represented  by  3  vols,  of  the  hypothetical  vapour  of  carbon,  3 
vols,  of  hydrogen,  and  half  a  volume  of  oxygen.  Or  the  weight  of 
the  unit  of  volume  of  acetone-vapour  will  be  equal  to  three  times  the 
specific  gravity  of  carbon-vapour,  three  times  that  of  hydrogen,  and 
one-half  that  of  oxygen  added  together,  one  volume  of  the  compound 
vapour  containing  6^  volumes  of  its  components  : — 

3  vols,  hypothetical  vapour  of  carbon  .  0-4183  X  3  =  1-2549 
3  vols,  hydrogen  ....  0-0693x3  =  0-2079 
A  vol.  oxygen   =0-5528 


Theoretical  specific  gravity 


2-0156 
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SECTION  I. 

NOJf-AZOTIZED  BODIES  OF  THE  SACCHAEINE  AND 
AMYLACEOUS  GROUP. 


SUGAR,  STARCH,  GUM,  LIGNIN,  AND  ALLIED  SUBSTANCES, 

The  memliers  of  this  remarkable  and  very  natural  group  present 
several  interesting  cases  of  isomerism.  They  are  charactei'ized  by 
their  feeble  aptitude  to  enter  into  combination,  and  also  by  contain- 
ing, with  one  or  two  exceptions,  oxygen  and  hydrogen  in  the  propor- 
tions to  form  water. 


Table  of  Saccharine  and  Amylaceous  Substances. 

Cane-sugar,  crystallized  . 
Cane-sugar,  in  combination. 
Grape-sugar,  oi-ystallized. 
Grape-sugar,' in  combination 
Milk-sugar,  crystallized  . 
Milk-sugar,  in  combination 
Sugar  from  Secale  comutum 
Mannite  ..... 
Diilcose  ..... 
Sorbin  ..... 
Starch,  unaltered,  dried  at  212=  (100°C) 
Amadin,  or  gelatinous  starch 
Dextrin,  or  gummy  starch 
Starch  from  Cetraria  Islandica  . 
Inulin  ..... 
Gum-Arabic  .... 
Gum-tragacanth 
Lignin,  or  cellulose 

Cane-sugar;  ordinary  sugar,  C^^H^jOa,.— This  most  useful 
substance  is  found  in  the  juice  of  many  of  the  grasses,  in  the  sap  of 
several  forest-trees,  in  the  root  of  the  beet  and  the  mallow  and  in 
several  other  plants.  It  is  extracted  most  easily  and  in  greatest 
abundance  from  the  sugar-cane,  cultivated  for  the  purpose  in  many 
tropical  countries.  The  canes  are  crushed  between  rollers  and  the 
expressed  juice  suffered  to  flow  into  a  large  vessel  where  it  Is  slowly 
heated  nearly  to  its  boiling-point.  A  small  quantity  of  hydrate 
of  lime  mixed  with  water  is  then  added,  which  occasions  the  separa- 
tion of  a  coagulum  consisting  chiefly  of  earthy  phosphates,  waxy 
matter,  a  peculiar  albuminous  principle,  and  mechanical  impurities 
The  clear  liquid  separated  from  the  coagulum  thus  produced  is  rapidly 


^24^18^18 

C24H21O21 
C24H24O24 

Cj^H  0,9 
P   H  O 

C,  H,  Og 
C,  0, 
^6  Og 

^24^20^20 
^24^^20^20 

^24^20^20 
^24^21^21 
C24H22O22 

^24^20020 
^24^20^20 
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evaporated  in  open  pans  heated  hj  a  strong  fire  made  with  the  crushed 
canes  of  the  preceding  year,  dried  in  the  sun  and  preserved  for  the 
purpose.  When  sufficiently  concentrated,  the  syrup  is  transferred 
to  a  shallow  vessel,  and  left  to  crystallize,  during  which  time  it  is 
frequently  agitated  in  order  to  hasten  the  change  and  hinder  the  for- 
mation of  large  crystals.  It  is,  lastly,  drained  from  the  dark  uncrys- 
tallizable  syrup,  or  molasses,  and  sent  into  commerce,  under  the  name 
of  raw  or  Muscovado  sugar.  The  refining  of  this  crude  product  is 
effected  by  redissolving  it  in  water,  adding  a  quantity  of  albumen  in 
the  shape  of  serum  of  blood  or  white  of  egg,  and  sometimes  a  little 
lime-water,  and  heating  the  whole  to  the  boiling-point ;  the  albumen 
coagulates,  and  forms  a  kind  of  network  of  fibres,  which  enclose  and 
separate  from  the  liquid  all  mechanically-suspended  impurities.  The 
solution  is  decolorized  by  filtration  through  animal  charcoal,  evapo- 
rated to  the  ciystallizing-point,  and  put  into  conical  earthen  moulds, 
where  it  solidifies,  after  some  time,  to  a  confusedly  crystalline  mass, 
which  is  drained,  washed  with  a  little  clean  syrup,  and  dried  in  a 
stove  :  the  product  is  ordinary  loaf-sugar.  When  the  crystallization 
is  allowed  to  take  place  quietly  and  slowly,  sugar-candy  results,  the 
crystals  under  these  circumstances  acquiring  large  volume  and  regular 
form.  The  evaporation  of  the  decolorized  syrup  is  best  conducted  in 
strong  close  boilers  exhausted  of  air ;  the  boiling-point  of  the  syrup 
is  reduced  in  consequence  fi-om  230°  (110°C)  to  150'^  (65°-5C)  or 
below,  and  the  injurious  action  of  the  heat  upon  the  sugar  in  great 
measure  prevented.  Indeed  the  production  of  molasses  in  the  rude 
colonial  manufacture  is  chiefly  the  result  of  the  high  and  long-con- 
tinued heat  applied  to  the  cane-juice,  and  might  be  almost  entirely 
prevented  by  the  use  of  vacuum-pans,  the  product  of  sugar  being 
thereby  greatly  increased  in  quantity,  and  so  far  improved  in  quality 
as  to  become  almost  equal  to  the  refined  article. 

In  many  parts  of  the  continent  of  Europe  sugar  is  manufactured  on 
a  lai-ge  scale  from  beet-root,  which  contains  about  8  per  cent,  of  that 
substance.  The  process  is  far  more  complicated  and  troublesome  than 
that  just  described,  and  the  product  much  inferior.  When  refined, 
however,  it  is  scarcely  to  be  distinguished  from  the  preceding.  The 
inhabitants  of  the  Western  States  of  America  prepare  sugar  in  consi- 
derable quantity  from  the  sap  of  the  sugar  maple,  Acer  saccharinum, 
which  is  common  in  those  parts.  The  tree  is  tapped  in  the  spring  by 
boring  a  hole  a  little  way  into  the  wood,  and  inserting  a  small  spoilt 
to  convey  the  liquid  into  a  vessel  placed  for  its  reception.  This  is 
boiled  down  in  an  iron  pot,  and  furnishes  a  coarse  sugar,  which  is 
almost  wholly  employed  for  domestic  purposes,  but  little  finding  its 
way  into  commerce. 

Pure  sugar  slowly  separates  from  a  strong  solution  in  large,  ti-ans- 
parent,  colourless  crystals,  having  the  figui-e  of  a  modified  oblique 
rhombic  prism.  It  has  a  pure,  sweet  taste,  is  very  soluble  in  water, 
requiring  for  solution  only  one-third  of  its  weight  in  the  cold,  mid 
is  also  dissolved  by  alcohol,  but  with  more  difficulty.    When  mode- 


CANE  AND  GRAPE  SUGAR. 


401 


rately  heated  it  melts,  and  solidifies  on  cooling  to  a  glassy  amorplious 
mass,  familiar  under  the  name  of  barley-sugar :  at  a  higher  tempera- 
ture it  blackens  and  suffers  decomposition  ;  and  the  same  effect  is 
produced,  as  already  remarked,  by  long-continued  boiling  of  the 
aqueous  solution,  which  loses  its  faculty  of  crystallizing  and  becomes 
coloured.  The  crystals  have  a  specific  gravity  of  1-6,  and  are  mi- 
changeable  in  the  air. 

The  deep-brown  soluble  substance  called  caramel,  used  for  colouring 
spirits,  and  other  purposes,  is  a  product  of  the  action  of  heat  upon 
cane-sugar.  It  contains  C24H,80,g,  and  is  isomeric  with  cane-sugar 
in  combination. 

The  following  is  the  composition  assigned  to  the  principal  com- 
pounds of  cane-sugar  by  M.  Peligot,  who  has  devoted  much  attention 
to  the  subject.* 

Crystallized  cane-sugar       .        .        .    Cj^HjgOig-f  4H0 
Compound  of  sugar  with  common  salt  C24H,gO,g-J-NaCl-|-3HO 
Compound  of  sugar  with  baryta  •  C24H,gOjg-|-2BaO-|-4HO 

Compound  of  sugar  with  lime       .  C24H,gO,8-|-2CaO-f  4H0 

Compound  of  sugar  with  protoxide  of  lead  C24H,gO|g-|-4PbO 

The  compounds  with  baryta  and  lime  are  prepared  by  digesting  sugar 
at  a  gentle  heat  with  the  hydrates  of  the  earths.  The  lime-compound 
has  a  bitter  taste,  and  is  more  soluble  in  cold  water  than  in  hot. 
Both  are  readily  decomposed  by  carbonic  acid,  crystals  of  carbonate  of 
lime  being  occasionally  produced.  The  combination  with  protoxide 
of  lead  is  prepared  by  mixing  sugar  with  a  solution  of  acetate  of  lead, 
adding  excess  of  ammonia,  and  drying  the  white  insoluble  product  out 
of  contact  with  air.  The  compound  with  common  salt  is  crystallizable, 
soluble,  and  deliquescent. 

Grape-sugar  ;  glucose  ;  sugar  of  fruits,  >  C24H2g02g. — This 
variety  of  sugar  is  very  abundantly  diffused  through  the  vegetable 
kingdom ;  it  may  be  extracted  in  large  quantity  from  the  juice  of 
sweet  grapes,  and  also  from  honey,  of  which  it  forms  the  solid  crystal- 
line portion,  by  washing  with  cold  alcohol,  which  dissolves  the  fluid 
syrup.  It  may  also  be  prepared  by  artificially  modifying  cane-sugar, 
starch,  and  woody  fibre,  by  processes  presently  to  be  described.  The 
appearance  of  this  substance,  to  an  enormous  extent,  in  the  urine,  is 
the  most  characteristic  feature  of  the  disease  called  diabetes. 

Grape-sugar  is  easily  distinguished  by  several  important  peculiari- 
ties from  cane-sugar  :  it  is  much  less  sweet,  and  less  soluble  in  water, 
requiring  ]|  parts  of  the  cold  liquid  for  solution.  Its  mode  of  crys- 
tallization is  also  completely  different :  instead  of  forming,  like  cane- 
sugar,  bold,  distinct  crystals,  it  separates  from  its  solutions  in  water 
and  alcohol  in  granular  warty  masses,  whiclr  but  seldom  present  crys- 
talline faces.    When  pure  it  is  nearly  white.    "When  heated,  it  melts, 

*  Ann.  Chim.  et  Phys.  Ixvii.  113. 
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and  loses  4  eq.  of  water,  and  at  a  higher  temperature  blackens  and 
suffers  decomposition.  Grape-sugar  combines  with  difficulty  with 
lime,  baryta,  and  oxide  of  lead,  and  is  converted  into  a  brown  or 
black  substance  when  boiled  with  solution  of  caustic  alkali,  by  which 
cane-sugar  is  but  little  affected.  It  dissolves,  on  the  contrary,  in  strong 
oil  of  vitriol  without  blackening,  and  gives  rise  to  a  peculiar  com- 
pound acid,  whose  baryta-salt  is  soluble.  Cane-sugar  is,  under  these 
circumstances,  instantly  changed  to  a  black  mass  resembling  charcoal. 

When  solutions  of  cane  and  grape  sugar  are  mixed  with  two  sepa- 
rate portions  of  solution  of  sulphate  of  copper,  and  caustic  potassa 
added  in  excess  to  each,  deep-blue  liquids  are  obtained,  which,  on 
being  heated,  exhibit  different  characters;  the  one  containing  cane- 
sugar  is  at  first  but  little  altered  ;  a  small  quantity  of  red  powder  falls 
after  a  time,  but  the  liquid  long  retains  its  blue  tint :  with  the  grape- 
sugar,  on  the  other  hand,  the  first  application  of  heat  throws  down  a 
copious  greenish  precipitate,  which  rapidly  changes  to  scarlet,  and 
eventually  to  dark  red,  leaving  a  nearly  colourless  solution.  This  is 
an  excellent  test  for  distinguishing  the  two  varieties  of  sugar,  or  dis- 
covering an  admixture  of  grape  with  cane  sugar. 

Grape-sugar  unites  with  common  salt,  foi'ming  a  soluble  compound 
of  sweetish  saline  taste,  which  crystallizes  in  a  regular  and  beautiful 
manner. 

Compounds  of  Qrape-sugar,  according  to  P^ligot. 

Crystalline  grape-sugar,  dried  in  the  I  ^  g  q  ^.yjjQ 
air    •        •       •        •        ^    J    24  21  21 

The  same,  dried  at  266°  (130°C)       Cj^HjiOa,  -f  3H0 

Compouhd  of  grape-sugarwith  com-j  c,,H„0„ +NaCl-f  5H0 

mon  salt         ,        .        •        j  ^4 
The  same,  dried  at  266°  (ISO'^C)  Cj,H3,Oji-t-NaCl-f2HO 
Compound  of  grape-sugar  with  baryta  C24H2,02[-|-3BaO  +  7HO 
Compound  of  grape-sugar  with  lime    Cj4H2,02,  -|-3CaO-t-7HO 
Compound  of  grape-sugar  with  prot- 1  ^  jj  q  igpi^Q 

oxide  of  lead       .        .       ,    J    24   21  21 

Sidphosaccharic  Acid,  C24H2o02o,S03.  —  Melted  grape-sugar  is 
cautiously  mixed  with  concentrated  sulphuric  acid,  the  product  dis- 
solved in  water,  and  neutralized  with  carbonate  of  baryta  ;  sulphate 
of  baryta  is  formed  together  with  a  soluble  sulphosaccharate  of  that 
earth,  from  which  the  acid  itself  may  be  afterwards  eliminated.  It  is 
a  sweetish  liquid,  forming  a  variety  of  soluble  salts,  and  very  prone  to 
decoDfipose  into  sugar  and  sulphuric  acid. 

Action  of  dilute  Acids  upon  Sugar. — Cane-sugar  dissolved  in  dilute 
sulphm-ic  acid  is  gradually  but  completely  converted,  at  the  common 
temperature  of  the  air,  into  grape-sugar.  The  same  solution,  when 
long  boiled,  yields  a  brownish-black  and  nearly  insoluble  substance, 
•which  is  a  mixture  of  two  distinct  bodies,  one  having  the  appearance 
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of  small  shining  scales,  and'  the  other  that  of  a  dull-brown  powdei-. 
The  first,  called  by  Boullay  and  Malaguti  ulmin,  and  by  Liebig 
sacchulmin,  is  insoluble  in  ammonia  and  alkalis ;  the  second,  ulmic 
add,  the  sacchulmic  acid  of  Liebig,  dissolves  freely,  yielding  dark- 
brown  solutions  precipitable  by  acids.  By  long-continued  boiling 
with  water,  sacchulmic  acid  is  converted  into  sacchulmin.  Both  these 
substances  have  the  same  composition,  expressed  by  the  empirical 
formula  CjHO.  Hydrochloric  acid,  in  a  dilute  state,  produces  the 
same  effects.* 

Action  of  Alkalis  upon  Sugar. — When  lime  or  baryta  is  dissolved 
in  a  solution  of  grape-sugar,  and  the  whole  left  to  itself  several  weeks 
in  a  close  vessel,  the  alkaline  reaction  will  be  found  to  have  disap- 
peared from  the  formation  of  an  acid  substance.  By  mixing  this 
solution  with  basic  acetate  of  lead,  a  voluminous  white  precipitate  is 
obtained,  which,  when  decomposed  by  sulphuretted  hydrogen,  yields 
sulphide  of  lead,  and  the  new  acid,  to  which  the  term  kalisacchurio 
or  glucic  is  applied.  Glucic  acid  is  veiy  soluble  and  deliquescent, 
has  a  sour  taste  and  acid  reaction  :  its  salts,  with  the  exception  of  that 
containing  protoxide  of  lead,  are  veiy  soluble.  It  contains  C3H5O5. 
When  grape-sugar  is  heated  in  a  strong  solution  of  potassa,  soda,  or 
baryta,  the  liquid  darkens,  and  at  length  assumes  a  nearly  black 
colour.  The  addition  of  an  acid  then  gives  rise  to  a  black  flocculent 
precipitate  of  a  substance  called  melasinic  acid,  containing  Cj^HjjOiq. 
Cane-sugar  long  boiled  with  alkalis  undergoes  the  same  changes,  being 
probably  first  converted  into  grape-sugar. 

Sugar  from  ergot  of  rye. — This  variety  of  sugar,  extracted 
by  alcohol  from  the  ergot,  ciystallizes  in  transparent  colourless  prisms, 
which  have  a  sweet  taste,  and  are  very  soluble  in  water.  It  difl'ers 
from  cane-sugar  in  not  reducing  the  acetate  of  copper  when  boiled 
with  a  solution  of  that  substance.    It  contains  G^^is'^i^- 

Sugar  of  diabetes  insipidus. — A  substance  having  the  general 
properties  of  a  sugar,  but  destitute  of  sweet  taste,  has  been  described 
by  M.  The'nard  as  having  been  obtained  from  the  above-mentioned 
source.  It  was  capable  of  furnishing  alcohol  by  fermentation,  and  of 
suffering  conversion  into  grape-sugar  by  dilute  sulphuric  acid.  Its 
composition  is  unknown. 

Liquorice-sugar;  glycyrrhizin. — The  root  of  the  common 
liquorice  yields  a  large  quantity  of  a  peculiar  sweet  substance,  which 
is  soluble  in  water,  but  refuses  to  crystallize ;  it  is  i-emarkable  for 

*  Under  the  names  ulmin  and  ulmic  acid  have  been  confounded  a  number  of 
brown  or  black  uncrystalUzable  substances,  produced  by  the  action  of  powerful 
chemical  agents  upon  sugar,  lignui,  !tc.,  or  generated  by  the  putrefactive  decay 
of  vegetable  fibre.  Common  garden  mould,  for  example,  treated  with  dilute, 
boiling  solution  of  caustic  potassa,  yields  a  deep-brown  solution,  from  which 
acids  precipitate  a  flocculent,  brown  substance,  having  but  a  slight  degree  of 
solubility  in  water.  This  is  generally  called  ulmic  or  humic  acid,  and  its 
origin  ascribed  to  the  reaction  of  the  alkali  on  the  ulmin  or  humus  of  the  soil. 
It  is  known  that  these  bodies  differ  exceedmgly  in  composition  :  they  are  too 
indefinite  to  admit  of  ready  investigation. 
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forming  with  acids  compounds  which  have  hut  sparing  solubilitv. 
Glycyrrhizin  cannot  he  made  to  ferment.  The  formula  of  this  sub- 
stance is  not  definitely  settled. 

Sdgar  of  milk;  lactin,  Cj^H^^Oj^.— This  curious  substance  is 
an  important  constituent  of  milk;  it  is  obtained  in  large  quantities 
by  evaporating  whey  to  a  syrupy  state,  and  purifying  the  lactin, 
which  slowly  crystallizes  out,  by  animal  charcoal.  It  forms  white, 
translucent,  four-sided  prisms,  of  great  hardness.  It  is  slow  and  dif- 
ficult of  solution  in  cold  water,  requiring  for  that  purpose  5  or  6  times 
its  weight ;  it  has  a  feeble,  sweet  taste,  and  in  the  solid  state  feels 
gritty  between  the  teeth.  When  heated,  it  loses  water,  and  at  a  high 
temperature  blackens  and  decomposes.  Milk-sugar  forms  several 
compounds  witl\  protoxide  of  lead,  and  is  converted  into  grape-sugar 
by  boUing  with  dilute  mineral  acids.  It  is  not  directly  fermentable, 
but  can  be  made  under  particular  circumstances  to  furnish  alcohol. 

Manna-sugar;  mannite,  CgH,Og  or  Ci^Hi^O,,.— This  is  the 
chief  component  of  manna,  an  exudation  from  a  species  of  ash  ;  it  is 
also  found  in  the  juice  of  certain  other  plants,  and  in  several  sea- 
weeds, and  may  be  formed  artificially  from  ordinary  sugar  by  a  pecu- 
liar kind  of  fermentation.  It  is  best  prepared  by  treating  manna 
with  boiling  alcohol,  and  filtering  the  solution  whilst  hot ;  the  mannite 
crystallizes  on  cooling  in  tufts  of  slender  colourless  needles.  It  is 
fusible  by  heat  without  loss  of  weight,  is  freely  soluble  in  water,  pos- 
sesses a  powerfully  sweet  taste,  and  has  no  purgative  properties. 
Mannite  refuses  to  ferment.  This  substance  combines  with  sulphuric 
acid,  giving  rise  to  a  new  acid,  the  composition  of  which  is  not  yet 
definitely  established.  It  is  likewise  acted  on  by  concentrated  nitric 
acid.  The  product  of  this  action  will  be  noticed  farther  on.  The 
substance  formerly  described  as  mushroom-sugar  is  merely  mannite. 

DuLCOSE,  CgH^Og  or  CijHj^O,^. — Closely  allied  to,  and  identical 
in  composition  with  mannite,  is  a  substance,  imported  into  Europe 
from  Madagascar,  the  origin  of  which  is  uncertain,  but  which  has 
been  lately  examined  by  Messrs.  Soubeirau,  Laurent,  and  Jaquelain. 
It  forms  large  crystals,  which  fuse  at  374°  (190°C).  Dulcose  is 
insoluble  in  boiling  alcohol,  and  not  precipitated  by  basic  acetate  of 
lead.    It  is  not  capable  of  undergoing  fermentation. 

Sorbin,  CgHgOg  or  G^^^^.f)^^.--M.Y.  Felouze  has  quite  recently 
observed  that  the  juice  of  the  berries  of  the  mountain  ash,  when 
allowed  to  stand  for  some  time  in  open  vessels,  deposits  a  brown 
crystalline  matter,  which,  on  recrystallization,  may  be  obtained  in 
transparent  colourless  crystals.  This  substance  is  almost  insoluble  in 
alcohol,  but  easily  soluble  in  water,  which  assumes  an  exceedingly 
sweet  taste.  Sorbin  is,  however,  no  sugar;'  it  is  not  capable  of 
fermenting,  nor  can  it  by  the  action  of  acids,  be  converted  into 
grape-sugar.  A  solution  of  sorbin,  when  mixed  with  ammonia  and  a 
solution  of  iicetate  of  lead,  furnishes  a  white  flocculent  precipitate, 
which  contains  2PgO,  CgH^O^. 

Starch  ;  fecctla. — This  is  one  of  the  most  important  and  widely 
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diffused  of  the  vegetable  proximate  principles,  being  found  to  a  greater 
or  less  extent  in  eveiy  plant.  It  is  most  abundant  in  certain  roots 
and  tubers,  and  in  soft  stems :  seeds  often  contain  it  in  large  quan- 
tity. From  tliese  sources  the  fecula  can  be  obtained  by  rasping  or 
grinding  to  pulp  the  vegetable  structure,  and  washing  the  mass  upon 
a  sieve,  by  which  the  torn  cellular  tissue  is  retained,  while  the  starch 
passes  through  with  the  liquid,  and  eventually  settles  down  from  the 
latter  as  a  soft,  white,  insoluble  powder,  which  may  be  washed  with 
cold  water,  and  dried  with  very  gentle  heat.  Potatoes  treated  in  this 
manner  yield  a  large  proportion  of  starch.  Starch  from  grain  may  be 
prepared  in  the  same  manner,  by  mixing  the  meal  with  water  to  a 
paste,  and  washing  the  mass  upon  a  sieve  :  a  nearly  white,  insoluble 
substance  called  gluten  or  glutin  remains  behind,  which  contains  a 
large  proportion  of  nitrogen.  The  glutin  of  wheat  flour  is  extremely 
tenacious  and  elastic.  The  value  of  meal  as  an  article  of  food  greatly 
depends  upon  this  substance.  Starch  from  grain  is  commonly  manu- 
factured on  the  large  scale  by  steeping  the  material  in  water  for  a 
considerable  pei'iod,  when  the  lactic  acid,  always  developed  under 
such  circumstances  from  the  sugar  of  the  seed,  disintegrates,  and  in 
part  dissolves  the  azotized  matter,  and  greatly  facilitates  the  mecha- 
nical separation  of  that  which  remains.  A  still  more  easy  and  suc- 
cessful process  has  lately  been  introduced,  in  which  a  very  dilute 
solution  of  caustic  soda,  containing  about  200  grains  of  alkali  to  a 
gallon  of  liquid,  is  employed  with  the  same  view.  Excellent  starch 
is  thus  prepared  from  rice.  Starch  is  insoluble  in  cold  water,  as  indeed 
its  mode  of  preparation  sufficiently  shows ;  it  is  equally  insoluble  in 
alcohol  and  other  liquids  which  do  not  effect  its  decomposition.  To 
the  naked  eye  it  presents  the  appearance  of  a  soft,  white,  and  often 
glistening  powder ;  under  the  microscope  it  is  seen  to  be  altogether 
destitute  of  crystalline  structure, 
but  to  possess,  on  the  contrary,  a 
kind  of  organization,  being  made 
up  of  multitudes  of  little  rounded 
ti'ansparent  bodies,  upon  each  of 
which  a  series  of  depressed  parallel 
rings,  surrounding  a  central  spot  or 
hiium,  may  often  be  traced.  The 
starch-granules  from  different  plants 
vary  both  in  magnitude  and  form  ; 
tliose  from  the  Ganna  coccinea,  or 
tous  las  mois,  and  potato  being 
largest ;  and  those  from  wheat, 
and  the  cereals  in  general  very 
much  smaller.  The  figure  in  the 
margin  will  serve  to  convey  an 
idea  of  the  appearance  of  the  gra- 
nules of  potato-starch,  highly  mag- 
nified. 
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When  a  mixture  of  starch  and  water  is  heated  to  near  the  boiling- 
point  of  the  latter,  the  granules  burst  and  disappear,  producing,  if 
the  proportion  of  starch  be  considerable,  a  thick  gelatinous  mass, 
very  slightly  opalescent  from  the  shreds  of  fine  membrane,  the  en- 
velope of  each  separate  granule.  By  the  addition  of  a  large  quantity 
of  water,  this  gelatinous  starch,  or  amidin,  may  be  so  far  diluted  as 
to  pass  in  great  measure  through  filter-paper.  It  is  very  doubtful, 
however,  how  far  the  substance  itself  is  really  soluble  in  water,  at 
least  when  cold ;  it  is  more  likely  to  be  merely  suspended  in  the 
liquid  in  the  form  of  a  swollen,  transparent,  insoluble  jelly,  of  ex- 
treme tenuity.  Gelatinous  starch,  exposed  in  a  thiu  layer  to  a  drj' 
atmosphere,  becomes  converted  into  a  yellowish,  horny  substance,  like 
gum,  which,  when  put  into  water,  again  softens  and  swells. 

Thin  gelatinous  starch  is  precipitated  by  many  of  the  metallic 
oxides,  as  lime,  baryta,  and  protoxide  of  lead,  and  also  by  a  large  ad- 
dition of  alcohol.  Infusion  of  galls  throws  down  a  copious  yellowish 
precipitate  containing  tannic  acid,  which  redissolves  when  the  solu- 
tion is  heated.  By  far  the  most  characteristic  reaction,  however,  is 
that  with  free  iodine,  which  forms  with  starch  a  deep  indigo-blue 
compound,  which  appears  to  dissolve  in  pure  water,  although  it  is 
insoluble  in  solutions  containing  free  acid  or  saline  matter.  The 
blue  liquid  has  its  colour  destroyed  by  heat,  temporarily  if  the  heat 
be  quickly  withdrawn,  and  pennanently  if  the  boiling  be  long  con- 
tinued, in  which  case  the  compound  is  decomposed  and  the  iodine 
volatilized.  Starch  in  the  dry  state,  put  into  iodine-water,  acquires  a 
purplish-black  colour. 

The  unaltered  and  the  gelatinous  starch,  in  a  dried  state,  have  the 
same  composition,  namely,  C^^H^qO^q  ;  a  compound  of  starch  and 
protoxide  of  lead  was  found  to  contain,  when  dried  at  212"  (100°C), 

C24H20O20  +  ^PtC). 

Dextrin. — When  gelatinous  starch  is  boiled  with  a  small  quan- 
tity of  dilute  sulphuric,  hydrochloric,  or  indeed,  almost  any  acid,  it 
speedily  loses  its  consistency,  and  becomes  thin  and  limpid,  from  hav- 
ing suffered  conversion  into  a  soluble  substance  resembling  gum, 
called  dextrin.*  The  experiment  is  most  conveniently  made  with 
sulphuric  acid,  which  may  be  afterwards  withdrawn  by  saturation 
with  challf.  The  liquid  filtered  from  the  nearly  insoluble  gypsum 
may  then  be  evaporated  in  a  water-bath  to  dryness.  The  result  is  a 
gum-like  mass,  destitute  of  crystalline  structure,  soluble  in  cold  water, 
and  precipitable  from  its  solution  by  alcohol,  and  capable  of  combin- 
ing with  protoxide  of  lead. 

When  the  ebullition  with  the  dilute  acid  is  continued  for  a  consi- 
derable period,  the  dextrin  first  foimed  undergoes  a  farther  change, 
and  becomes  converted  into  grape-sugar,  which  can  be  thus  artificially 
produced  with  the  greatest  facility.  The  length  of  time  required  for 
this  remarkable  change  depends  upon  the  quantity  of  acid  present ; 

*  From  its  action  on  poiarized  light,  twisting  the  plane  of  polarizntion 
towards  the  rigkt  hand, 
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if  the  latter  be  very  small,  it  is  necessary  to  continue  the  boiling  many 
successive  hours,  replacing  the  water  which  evaporates.  With  a 
larger  proportion  of  acid,  tlie  conversion  is  much  more  speedy.  A 
mixture  of  15  parts  potato- starch,  60  parts  water,  and  6  parts  sul- 
phuric acid,  may  be  Icept  boiling  for  about  four  hours ;  the  liquid 
neutralized  with  chalk,  filtered,  and  rapidly  evaporated  to  a  small 
bulk.  By  digestion  with  animal  charcoal  and  a  second  filtration  much 
of  the  colour  will  be  removed,  after  which  the  solution  may  be  boiled 
down  to  a  thin  syrup  and  left  to  crystallize  ;  in  the  course  of  a  few 
days  it  solidifies  to  a  mass  of  grape-sugar.  There  is  another  method 
of  preparing  this  substance  from  starch  which  deserves  particular 
notice.  Germinating  seeds,  and  buds  in  the  act  of  development,  are 
found  to  contain  a  small  quantity  of  a  peculiar  azotized  substance, 
formed  at  this  particular  period  fi-om  the  glutin  or  vegetable  albumin- 
ous matter,  to  which  the  name  diastasb  is  given.  This  substance 
possesses  the  same  curious  property  of  effecting  the  conversion  of 
starch  into  dextrin,  and  ultimately  into  grape-sugar,  and  at  a  much 
lower  temperature  than  that  of  ebullition.  A  little  infusion  of  malt, 
or  germinated  barley,  in  tepid  water,  mixed  with  a  large  quantity  of 
thick  gelatinous  starch,  and  the  whole  maintained  at  160°  (71°C),  or 
thereabouts,  occasions  complete  liquefaction  in  the  space  of  a  few  mi- 
nutes from  the  production  of  dextrin,  which  in  its  turn  becomes  in 
three  or  four  houi's  converted  into  sugar.  If  a  greater  degree  of  heat 
be  employed,  the  diastase  is  coagulated  and  rendered  insoluble  and 
inactive.  Very  little  is  known  respecting  diastase  itself ;  it  seems 
very  much  to  resemble  vegetable  albumen,  but  has  never  been  got  in 
a  state  of  purity. 

The  change  of  starch  or  dextrin  into  sugar,  whether  produced  by 
the  action  of  dilute  acid  or  by  diastase,  takes  place  quite  indepen- 
dently of  the  oxygen  of  the  air,  and  is  unaccompanied  by  any  se- 
condary product.  The  acid  takes  no  direct  part  in  the  reaction ;  it 
may,  if  not  volatile,  be  all  withdrawn  without  loss  after  the  experi- 
ment. The  whole  reaction  lies  between  the  starch  and  the  elements  of 
water ;  a  fixation  of  the  latter  occurring  in  the  new  product,  as  will 
be  seen  at  once  on  comparing  their  composition.  The  sugar,  in  fact, 
so  produced,  very  sensibly  exceeds  in  weight  the  starch  employed. 
Dextrin  itself  has  exactly  the  same  composition  as  the  original  starch. 

Dextrin  is  used  in  the  arts  as  a  substitute  for  gum :  it  is  sometimes 
made  in  the  manner  above  described,  but  more  frequently  by  heating 
dry  potato-starch  to  400°  (204°- 5C),  by  which  it  acquires  a  yel- 
lowish tint  and  becomes  soluble  in  cold  water.  It  is  sold  in  this  state 
under  the  appellation  of  British  Gum, 

Starch  is  an  important  article  of  food,  especially  when  associated  as 
in  ordinary  meal  with  albuminous  substances.  Arrow-root,  and  the 
fecula  of  the  Canna  coccinea,  are  very  pure  varieties,  employed  as 
articles  of  diet ;  aiTow-root  is  obtained  from  the  Maranta  arundinacea, 
cultivated  in  the  West  Indies ;  it  is  with  difficulty  distinguished  from 
potato-starch.    Tapioca  is  prepared  from  the  root  of  the  latropha 
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manihot,  being  thoroughly  purified  from  its  poisonous  juice.  Cassava 
is  the  same  substance  modified  whilst  moist  by  heat.  Satjo  is  made 
from  the  soft  central  portion  of  the  stem  of  a  palm-tree. 

Starch  from  Iceland  Moss.— The  lichen  called  Cetraria  Islan- 
dica,  purified  by  a  little  cold  solution  of  potassa  from  a  bitter  prin- 
ciple, yields  when  boiled  in  water  a  slimy  and  nearly  colourless  liquid, 
which  gelatinizes  on  cooling,  and  dries  up  to  a  yellowish  amorphous 
mass,'  which  does  not  dissolve  in  cold  water,  but  m-erely  softens  and 
swells.  A  solution  of  this  substance  in  warm  water  is  not  affected 
by  iodine,  although  the  jelly,  on  the  contrary,  is  rendered  blue.  It 
is  precipitated  by  alcohol,  acetate  of  lead,  and  infusion  of  galls,  and  is 
converted  by  boiling  with  dilute  sulphuric  acid  into  grape-sugar.  Ac- 
cording to  Mulder,  lichen-starch  likewise  contains  G^Ji^oO^f,.  The 
jelly  from  certain  algw,  as  that  of  Ceylon,  and  the  so-called  Carra- 
gheen moss,  closely  resembles  the  above. 

Inulin.^ — This  substance,  which  differs  from  common  starch  in 
some  important  particulars,  is  found  in  the  root  of  the  Inida  helenium, 
the  Helianthus  tuberosum,  the  dahlia,  and  several  other  plants;  it 
may  be  easily  obtained  by  washing  the  rasped  root  on  a  sieve,  and 
allowing  the  inulin  to  settle  down  from  the  liquid  ;  or  by  cutting  the 
root  into  thin  slices,  boiling  these  in  water,  and  filtering  while  hot ; 
the  inulin  separates  as  the  solution  cools.  It  is  a  white,  amorphous, 
tasteless  substance,  nearly  insoluble  in  cold  water,  but  freely  dis- 
solved by  the  aid  of  heat ;  the  solution  is  percipitated  by  alcohol,  but 
not  by  acetate  of  lead  or  infusion  of  galls.  Iodine  communicates  a 
brown  colour.  Inulin  has  been  analyzed  by  Mr.  Parnell,  who  finds  it 
to  contain,  when  dried  at  212°  (100°C),  Cj^H^jO^i. 

Gum.  —Gum  Arabic,  which  is  the  produce  of  an  acacia,  may  be 
taken  as  the  most  perfect  type  of  this  class  of  bodies.  In  its  purest 
and  finest  condition,  it  forms  white  or  slightly-yellowish  irregular 
masses,  which  are  destitute  of  crystalline  structure,  and  break  with  a 
smooth  conchoidal  fracture.  It  is  soluble  in  cold  water,  forming  a 
viscid,  adhesive,  tasteless  solution,  from  which  the  pure  soluble 
gummy  principle,  or  arahin,  is  precipitated  by  alcohol  and  by  basic 
acetate  of  lead,  but  not  by  the  neutral  acetate.  Arabin  is  composed 
of  and  is  consequently  isomeric  with  ciystallized  cane-sugar. 

Mucilage,  so  abundant  in  linseed,  in  the  roots  of  the  mallow,  in 
salep,  the  fleshy  root  of  Orchis  mascula,  and  in  other  plants,  diflfers 
in  some  respects  from  the  foregoing,  although  it  agrees  in  the  pro- 
perty of  dissolving  in  cold  water.  The  solution  is  less  transparent 
than  that  of  gum,  and  is  precipitated  by  neutral  acetate  of  lead. 
Gum  tragacanth  is  chiefly  composed  of  a  kind  of  mucilage  to  which 
the  name  bassorin  has  been  given,  and  which  refuses  to  dissolve  in 
water,  merely  softening  and  assuming  a  gelatinous  aspect.  It_  is 
dissolved  by  caustic  alkali.  Cerasin  is  the  term  given  to  the  in- 
soluble portion  of  the  gum  of  the  cherry-tree  ;  it  resembles  bassorin. 
The  composition  of  these  various  substances  has  been  carefully  exa- 
mined by  M.  Schmidt,  who  finds  that  it  closely  agrees  with  that  of 
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starch.  Mucilage  invariably  contains  hydrogen  and  oxygen  in  the 
proportion  in  which  they  form  water,  and  when  treated  with  acid, 
yields  grape-sugar. 

Pectin,  or  the  jelly  of  fruits,  is,  in  its  physical  properties,  closely 
allied  to  the  foregoiug  bodies.  It  may  be  extracted  from  various 
vegetable  juices  by  precipitation  by  alcohol.  It  forms  when  moist  a 
transparent  jelly,  soluble  in  water,  and  tasteless,  which  dries  up  to 
a  translucent  mass.  It  is  to  this  substance  that  the  fii'm  consistence 
of  currant  and  other  fruit  jellies  is  ascribed.  According  to  M.  Fremy, 
the  composition  of  pectin  is  Cg4HjgO(;4.  By  ebullition  with  water 
and  with  dilute  acids  it  is  changed  into  two  isomeric  modifications, 
to  which  the  names  parapectin  and  metapectin  have  been  given. 
In  contact  with  bases,  these  three  substances  become  converted  into 
pectic  acid,  which,  except  that  it  possesses  feeble  acid  properties, 
and  is  insoluble  in  water,  resembles  in  the  closest  manner  pectin 
itself.  By  long  boiling  with  solution  of  caustic  alkali,  a  farther 
change  is  produced,  and  a  new  acid,  the  metapectic,  developed,  which 
does  not  gelatinize.  The  salts  of  these  two  acids  are  incapable  of 
crystallizing.  Their  composition  is  represented  by  the  following  for- 
mulas : — 

Pectic  acid  ....  2HO,C32H2o02g 
Metapectic  acid     ....  2HO,C24Hij02i 

Much  doubt  still  exists  respecting  the  composition  of  the  various 
bodies  of  the  pectin-series  :  they  do  not  appear,  from  the  analyses 
yet  made,  to  contain  oxygen  and  hydrogen  in  equal  equivalents,  and 
consequently  scarcely  belong  to  the  starch-group. 

LiGNiN  ;  CELLULOSE. — This  substance  constitutes  the  fiindamental 
material  of  the  structure  of  plants ;  it  is  employed  in  the  organization 
of  cells,  and  vessels  of  all  kinds,  and  foi-ms  a  large  proportion  of  the 
solid  parts  of  every  vegetable.  It  must  not  be  confounded  with  lig- 
neous  or  woody  tissue,  which  is  in  reality  cellulose,  with  other  sub- 
stances superadded,  which  encrust  the  walls  of  the  original  membranous 
cells,  and  confer  stiftuess  and  inflexibility.  Thus  woody  tissue,  even 
when  freed  as  much  as  possible  from  colouring  matter  and  resin  by 
repeated  boiling  with  water  and  alcohol,  yields  on  analysis  a  result 
indicating  an  excess  of  hydrogen  above  that  required  to  form  water 
with  the  oxygen,  besides  traces  of  nitrogen.  Pure  cellulose,  on  the 
other  hand,  is  a  ternary  compound  of  carbon  and  the  elements  of 
water,  closely  allied  in  composition  to  starch,  if  not  actually  isomeric 
with  that  substance.* 

The  properties  of  lignin  may  be  conveniently  studied  in  fine  linen 
and  cotton,  which  are  almost  entirely  composed  of  the  body  in  question, 
the  associated  vegetable  principles  having  been  removed  or  destroyed 

*  Dumas,  Chimie  appliquee  aux  Arts,  vi.  5. 


410 


OXALIC  ACID. 


hj  the  variety  of  treatment  to  wliich  the  fihre  has  been  subjected. 
Pm-e  lignin  is  tasteless,  insoluble  in  water  and  alcohol,  and  abso- 
lutely innutritious ;  it  is  not  sensibly  aflfected  by  boiling  water,  unless 
it  happen  to  have  been  derived  from  a  soft  or  imperfectly-developed 
portion  of  the  plant,  in  wliich  case  it  is  disintegrated  and  rendered 
pulpy.  Dilute  acids  and  alkalis  exert  but  little  action  on  lignin, 
even  at  a  boiling  temperature  ;  strong  oil  of  vitriol  converts  it,  in 
the  cold,  into  a  nearly  colourless,  adhesive  substance,  which  dis- 
solves in  water,  and  presents  the  characters  of  dextrin.  This  curious 
and  interesting  experiment  may  be  conveniently  made  by  very  slowly 
adding  concentrated  sulphuric  acid  to  half  its  weight  of  lint,  or  linen 
cut  into  small  shreds,  taking  care  to  avoid  any  rise  of  temperature, 
which  would  be  attended  with  charring  or  blackening.  The  mixing 
is  completed  by  tritui-ation  in  a  mortar,  and  the  whole  left  to  stand  a 
few  hours ;  after  which  it  is  rubbed  up  with  water,  and  wanned,  and 
filtered  from  a  little  insoluble  matter.  The  solution  may  then  be 
neutralized  with  chalk,  and  again  filtered.  The  gummy  liquid  re- 
tains lime,  partly  in  the  state  of  sulphate,  and  partly  in  combination 
with  a  peculiar  acid,  composed  of  the  elements  of  sulphuric  or  hypo- 
sulphuric  acid,  in  union  with  those  of  the  lignin,  to  which  the  name 
sulpholignic  acid  is  given.  If  the  liquid,  previous  to  neutralization, 
be  boiled  during  three  or  four  hours,  and  the  water  replaced  as  it 
evaporates,  the  dextrin  becomes  entirely  changed  to  grape-sugar. 
Linen  rags  may,  by  these  means,  be  made  to  furnish  more  than 
their  own  weight  of  that  substance. 
Lignin  is  not  coloured  by  iodine. 


PRODUCTS  ARISING   FROM   THE  ALTERATION   OF  THE  PRECEDING 
SUBSTANCES  BY  CHEMICAL  AGENTS. 

ACTION  OF  NITRIC  ACID. 

Oxalic  acid,  C203,H0  +  2H0. — This  important  compound  occurs 
ready  formed  in  several  plants,  in  combination  with  potassa  as  an  acid 
salt,  or  with  lime.  It  is  now  manufactured  in  large  quantities  as  an 
article  of  commerce,  by  the  action  of  nitric  acid  on  sugar,  starch,  and 
dextrin.  With  the  exception  of  gum  and  sugar  of  milk,  which  yield 
another  product,  all  the  substances  comprehended  in  the  saccharine 
and  starch  group  furnish  oxalic  acid,  as  the  chief  and  characteristic 
result  of  the  long-continued  action  of  moderately-strong  nitric  acid  at 
an  elevated  temperature. 
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One  part  of  sugar  is  gently  heated  in  a  retort  with  5  parts  of  nitric 
acid  of  sp.  gr.  1-42,  diluted  with  twice  its  weight  of  water;  copious 
red  fumes  are  disengaged,  and  the  oxidation  of  the  sugar  proceeds 
with  violence  and  rapidity.  When  the  action  slackens,  heat  may  be 
again  applied  to  the  vessel,  and  the  liquid  concentrated,  by  distilling 
oir  the  superfluous  nitric  acid,  until  it  deposits  crystals  on  cooling. 
These  are  drained,  redissolved  in  a  small  quantity  of  hot  water,  and 
the  solution  set  aside  to  cool.  The  acid  separates  from  a  hot  solu- 
tion in  colourless,  transparent  crystals  derived  from  an  oblique 
rhombic  prism,  which  contain  th]-ee  equivalents  of  water,  one  of 
these  being  basic  and  inseparable,  except  by  substitution ;  the  other 
two  may  be  expelled  by  a  very  gentle  heat,  the  crystals  crumbling 
down  to  a  soft  white  powder,  which  may  be  sublimed  in  great  mea- 
sure without  decomposition.  The  crystallized  acid,  on  the  contrary, 
is  decomposed  by  a  high  temperature  into  carbonic  and  formic  acids 
and  carbonic  oxide,  without  solid  residue. 

The  crystals  of  oxalic  acid  dissolve  in  8  parts  of  water  at  60° 
(15°*5C),  and  in  their  own  weight,  or  less,  of  hot  water  ;  they  are 
also  soluble  in  spirit.  The  aqueous  solution  has  an  intensely  sour 
taste  and  most  powerfully  acid  reaction,  and  is  highly  poisonous.  The 
proper  antidote  is  chalk  or  magnesia.  Oxalic  acid  is  decomposed  by 
hot  oil  of  vitriol  into  a  mixture  of  carbonic  oxide  and  carbonic  acid ; 
it  is  slowly  converted  into  carbonic  acid  by  nitric  acid,  whence 
arises  a  considerable  loss  iu  the  process  of  manufacture.  The  bin- 
oxides  of  lead  and  manganese  effect  the  same  change,  becoming  re- 
duced to  protoxides,  which  combine  with  the  unaltered  acid. 

Oxalic  acid  is  formed  from  sugar  by  the  replacement  of  the  whole 
of  its  hydrogen  by  an  equivalent  quantity  of  oxygen. 


1  eq.  sugar  =C24H,gO,8"t  _  |12  eq.  oxalic  acid  =  C24  O3, 
36  eq.  oxygen=         O^J  ~  (_18  eq.  water       =  H,gO, 


C24H18O54  Co4H,8054 

The  most  important  salts  of  oxalic  acid  are  the  following: — 
Neutral  oxalate  op  potassa,  KOjC^Og-f  HO.— This  is  pre- 
pared by  neutralizing  oxalic  acid  by  carbonate  of  potassa.  It  crystal- 
lizes in  transparent  rhombic  prisms,  which  become  opaque  and  anhy- 
drous by  heat,  and  dissolve  in  3  parts  of  water.  Oxalate  of  potassa 
is  often  produced  when  a  variety  of  organic  substances  are  cautiously 
heated  with  excess  of  caustic  alkali. 

BiNOXALATE  OF  POTASSA,  1^0,20^03 -f  3H0.— Sometimes  called 
salt  of  sorrel,  from  its  occurrence  in  that  plant.  This,  or  the  substance 
next  to  he  mentioned,  is  found  also  in  the  rumex  ^nd  oxalis  acetosella, 
and  m  the  garden  rhubarb,  associated  with  malic  acid.  It  is  easily 
prepared  by  dividing  a  solution  of  oxalic  acid,  in  hot  water,  into  two 
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equal  portions,  neutralizing  one  with  carbonate  of  potassa,  and  adding 
the  other  ;  the  salt  crystallizes  on  cooling,  in  colourless  rhombic 
prisms.  The  crystals  have  a  sour  taste,  and  require  40  parts  of  cold, 
and  6  of  boiling  water  for  solution. 

QoADROXALATE  OF  POTASSA,  KO,4Cj03  +  7H0. — Prepared  by  a 
process  similar  in  principle  to  that  last  described.  The  crystals  are 
modified  octahedra,  and  are  less  soluble  than  those  of  the  binoxalate, 
which  the  salt  in  other  respects  resembles. 

Oxalate  of  soda,  NaO,C203,  has  but  little  solubility;  a  binoxalate 
exists. 

Oxalate  of  ammonia,  NH^O.C^Og  +  HO. — This  beautiful  salt  is 
prepared  by  neutralizing  by  carbonate  of  ammonia  a  hot  solution  of 
oxalic  acid.  It  crystallizes  in  long,  colourless,  rhombic  prisms,  which 
effloresce  in  diy  air  from  loss  of  water  of  crystallization.  They 
are  not  very  soluble  in  cold  water,  but  freely  dissolve  by  the  aid  of 
heat.  Oxalate  of  ammonia  is  of  great  value  in  analytical  chemistry, 
being  employed  to  precipitate  lime  from  its  solutions.  When  oxalate 
of  ammonia  is  heated  in  a  retort,  it  is  completely  decomposed,  yield- 
ing water,  ammonia  and  carbonate  of  ammonia,  cyanogen  and  car- 
bonic acid  gases,  and  a  small  quantity  of  a  peculiar  greyish-white 
sublimate.  The  latter  bears  the  name  of  oxamide ;  it  is  a  very  re- 
markable body,  and  forms  the  type  of  a  large  class  of  substances  con- 
taining the  elements  of  an  ammoniacal  salt,  minus  those  of  water. 
Oxamide  is  composed  of  C^H^NO^,  i.  e.,  NH^O,C203— 2H0,  or  the 
elements  of  1  eq.  amidogen,  and  2  eq.  carbonic  oxide.  It  is  insolu- 
ble in  water  and  alcohol  :  when  boiled  with  an  alkali  it  furnishes  an 
oxalate  of  the  base,  and  ammonia,  which  is  expelled;  and  when 
heated  with  an  acid,  it  produces  an  ammoniacal  salt.  When  treated 
with  nitrous  acid  it  likewise  reproduces  oxalic  acid,  pure  nitrogen 
being  evolved  C2HjN02-|-N03  =  C203,H0-|-H0-|-2N.  Oxamide  is 
the  representative  of  a  tolerably  large  class  of  bodies  having  veiy 
analogous  chemical  relations,  and  apparently  a  common  constitution. 
Oxamide  is  obtained  purer  and  more  abundantly  from  oxalic  ether ; 
its  preparation  will  be  found  described  under  the  head  of  that  sub- 
stance. Oxalate  of  ammonia,  when  distilled  with  anhydi-ous  phos- 
phoric acid,  loses  four  equivalents  of  water  and  yields  a  considerable 
quantity  of  cyanogen,  NH40,C203— 4H0  =  C2N.  There  are,  how- 
ever, other  compounds  simultaneously  produced. 

The  binoxalate  of  ammonia  is  still  less  soluble  than  the  oxalate. 
When  this  salt  is  heated  in  an  oil-bath  to  450°  (232°-2C),  among 
other  products  an  acid  called  the  oxamic  is  generated,  containing 
C4H2N05,HO,  i.  e.,  NH,0,C203 ;  HO,C203— 2H0,  and  may  be 
viewed  as  a  compound  of  oxalic  acid  with  oxamide.  It  forms 
soluble  compounds  with  lime  and  baryta.  When  heated  with  alkalis 
it  yields  ammonia  and  an  oxalate ;  hot  oil  of  vitriol  resolves  it  into 
carbonic  oxide  and  carbonic  acid  ;  and  water  converts  it,  at  a  boiling 
temperature,  into  binoxalate  of  ammonia.    Oxamic  acid,  too,  is  inte- 
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resting  as  the  type  of  a  very  large  class  of  similarly-constructed  com- 
pounds. ,  .  , 

Oxalate  op  lime,  CaO.CaOg+aHO.— This  compound  is  formed 
whenever  oxalic  acid  or  an  oxalate  is  added  to  a  soluble  salt  of  lime  ; 
it  falls  as  a  white  powder,  wliich  acquires  density  by  boiling,  and  is 
but  little  soluble  in  dilute  hydrochloric,  and  entirely  insoluble  in 
acetic  acid.  Nitric  acid  dissolves  it  easily.  When  dried  at  '212° 
(100=C)  it  retains  an  equivalent  of  water,  which  may  be  driven  off  by 
a  rather  higher  temperature.  Exposed  to  a  red-heat  in  a  close  vessel, 
it  is  converted  into  carbonate  of  lime,  with  escape  of  carbonic  oxide. 

The  oxalates  of  baryta,  zinc,  manganese,  protoxide  of  iron,  copper, 
nickel,  and  cobalt,  are  nearly  insoluble  in  water ;  that  of  magnesia  is 
sparingly  soluble,  and  that  of  the  sesquioxide  of  iron  freely  soluble. 
The  double  oxalate  of  chromium  and  potassa,  made  by  dissolving  in 
hot  water  1  part  bichromate  of  potassa,  2  parts  binoxalate  of  potassa, 
and  2  parts  crystallized  oxalic  acid,  is  one  of  the  most  beautiful  salts 
known.  The  crystals  appear  black  by  reflected  light  from  the  in- 
tensity of  their  colour,  which  is  pure  deep  blue;  they  are  very  solu- 
ble. The  salt  contains  3(KO,C203),-|- CrjOg.SCoOa -I- 6H0.  A  cor- 
responding compound  containing  sesquioxide  of  iron  has  been  formed ; 
it  crystallizes  freely,  and  has  a  beautiful  green  colour. 

Saccharic  acid,  CgH^O,,HO.— This  substance  was  once  thought 
to  be  identical  with  malic  acid,  which  is  not  the  case  ;  it  is  formed  by 
the  action  of  dilute  nitric  acid  on  sugar,  and  is  often  produced  in  the 
preparation  of  oxalic  acid,  being,  from  its  superior  solubility,  found  in 
the  mother-liquor  from  which  the  oxalic  acid  has  crystallized.  It 
may  be  made  by  heating  together  1  pai't  sugar,  2  parts  nitric  acid,  and 
10  parts  water.  When  the  reaction  seems  terminated,  the  acid  liquid 
is  diluted,  neutralized  with  chalk,  and  the  filtered  liquid  mixed  with 
acetate  of  lead.  The  insoluble  saccharate  of  lead  is  washed,  and  de- 
composed by  sulphuretted  hydrogen.  The  acid  slowly  crystallizes 
from  a  solution  of  syrupy  consistence  in  long  colourless  needles ;  it 
has  a  sour  taste,  and  forms  soluble  salts  with  lime  and  baryta.  When 
mixed  with  nitrate  of  silver,  it  gives  no  precipitate,  but,  on  the  addi- 
tion of  ammonia,  a  white  insoluble  substance  separates,  which  is 
reduced,  by  gently  warming  the  whole,  to  metallic  silver,  the  vessel 
being  lined  with  a  smooth  and  brilliant  coating  of  the  metal.  Nitric 
acid  converts  the  saccharic  into  oxalic  acid. 

Xyloidin  and  pyroxylin.— When  starch  is  mixed  with  nitric 
acid  of  specific  gravity  1'5,  it  is  converted  without  disengagement  of 
gas  into  a  transparent,  colourless  jelly,  which,  when  put  into  water, 
yields  a  white,  curdy,  insoluble  substance :  this  is  the  new  body 
xyloidin.  When  dry,  it  is  white  and  tasteless,  insoluble  even  in 
boiling  water,  but  freely  dissolved  by  dilute  nitric  acid,  and  the  solu- 
tion yields  oxalic  acid  when  boiled."  Other  substances  belonging  to 
the  same  class  also  yield  xyloidin ;  paper  dipped  into  the  strongest 
nitric  acid,  quickly  plunged  into  water,  and  afterwards  dried,  becomes 
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in  great  part  so  changed ;  it  assumes  the  appearance  of  parchment, 
ajid  acquires  an  extraordinary  degree  of  combustibility. 

If  pure  finely-divided  ligneous  matter,  as  cotton-wool,  be  steeped  for 
a  few  minutes  in  a  mixture  of  nitric  acid  of  sp.  gr.  1  •  5  and  concentrated 
sulphuric  acid,  squeezed,  thoroughly  washed  and  dried  by  very  gentle 
heat,  it  will  be  found  to  have  increased  in  weight  about  70  per  cent., 
and  to  have  become  in  the  highest  degree  explosive,  taking  fire  at  a 
temperature  not  much  above  300"  (148°-8C),  and  burning  without 
smoke  or  residue.  This  is  pyroxylin,  the  gun-cotton  of  Pi-ofessor 
Schoenbein.  It  differs  from  xyloidin  in  composition,  in  its  mode  of 
combustion,  and  in  resisting  the  action  of  certain  liquids,  as  ether 
containing  a  little  alcohol,  which  dissolve  xyloidin  with  facility.  To 
a  solution  of  this  description  the  name  collodion  has  been  given ; 
it  is  used  in  surgery. 

Both  xyloidin  and  pyroxylin  appear  to  be  substitution-compounds, 
in  which  the  elements  of  hyponitric  acid  replace  respectively  3  and  5 
equivalents  of  hydrogen  in  starch  and  lignin.  The  analytical  results 
are  not  very  uniform,  but  the  formulEe  which  best  agree  with  them 
ai-e,  xyloidin  Cj^Hi^NgOgj,  and  pyroxylin  Oj^H|5N504o. 

An  analogous  compound  is  pi-oduced  by  the  action  of  nitric  acid 
upon  mannite  (vide  p.  404).  This  substance  may  be  crystallized  from 
spirit,  and  contains  CgH^NjOig;  it  may  be  viewed  as  mannite,  in 
which  three  equivalents  of  hydrogen  are  replaced  by  hyponitric  acid. 

Mdcic  acid,  C|2HgO|4,2HO. — Sugar  of  milk  and  gum,  heated  with 
nitric  acid  somewhat  diluted,  furnish,  in  addition  to  a  small  quantity 
of  oxalic  acid,  a  white  and  nearly  insoluble  substance  called  mucic 
acid.  It  may  be  easily  prepared  by  heating  together  in  a  flask  or 
retort  1  part  of  milk-sugar,  or  gum,  4  parts  of  nitric  acid,  and  1  of 
water ;  the  mucic  acid  is  afterwards  collected  upon  a  filter,  washed 
and  dried.  It  has  a  slightly-sour  taste,  reddens  vegetable  colours,  and 
forms  salts  with  bases.  It  requires  for  solution  66  parts  of  boiling 
water.  Oil  of  vitriol  dissolves  it  with  production  of  a  red  colour. 
Mueic  acid  is  decomposed  by  heat,  yielding,  among  other  products,  a 
volatile  acid,  the  pyronmcic,  which  is  soluble  in  water,  and  crystallizes 
in  a  form  resembling  that  of  benzoic  acid.  Pyromucic  acid  is  mono- 
basic ;  it  contains  Ci^HjO^jHO. 

Suberic  acid,  C,gH|20g,2HO,  is  fonned  by  the  action  of  nitric 
acid  on  the  peculiar  ligneous  matter  of  cork,  and  also  on  certain  fatty 
bodies  ;  it  much  resembles  mucic  acid,  but  is  more  soluble  in  water. 
It  is  a  bibasic  acid.    See  farther  on.  Section  VII.,  Oils  and  Fats. 

The  following  bodies  are  closely  allied  in  composition  to  oxalic 
acid : — 

Mellitic  acid,  C^OgjHO. — This  substance  occurs,  in  combina- 
tion with  alumina,  in  a  very  rare  mineral  called  mellite  or  honey- 
stone,  found  in  deposits  of  imperfect  coal,  or  lignite.  It  is  soluble  in 
water  and  alcohol,  and  is  crystallizable,  forming  colourless  needles. 
It  combines  with  bases :  the  mellitates  of  the  alkalis  are  soluble 
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and  crystallizable ;  those  of  the  earths  and  metals  proi^er  are  mostly- 
insoluble. 

Mellitate  of  ammonia  yields  by  distillation  two  curious  compounds, 
paramide  and  euchronic  acid.  The  former  is  a  white,  amorphous, 
insoluble  substance,  containing  CgHNO^,  (i.  e.,  bimellitate  of  ammonia 
— 4-  eq.  of  water),  and  convertible  by  boiling  with  water  into  bi- 
mellitate of  ammonia.  The  latter  forms  colourless,  sparingly  soluble 
crystals,  containing  in  the  anhydrous  state  C,2l^Og,2HO.  In  con- 
tact with  metallic  zinc  and  deoxidizing  agents  in  general,  euchronic 
acid  yields  a  deep-blueiinsoluble  substance  called  euchrone. 

Rhodizonic  and  croconic  acids. — When  potassium  is  heated  in  a 
stream  of  dry  carbonic  oxide  gas,  the  latter  is  absorbed  in  large 
quantity,  and  a  black  porous  substance  generated,  which,  when  put 
into  water,  evolves  inflammable  gas,  and  produces  a  deep-red  solution 
containing  the  potassa-salt  of  a  peculiar  acid,  the  rhodizonic :  by 
adding  alcohol  to  the  liquid,  the  rhodizonate  of  potassa  is  precipitated. 
This  and  the  lead-salt  are  the  only  two  compounds  which  have  been 
fully  examined ;  the  acid  itself  cannot  be  isolated.  Rhodizonate  of 
potassa  is  composed  of  C^O^SKO  ;  hence  the  acid  would  appeal-  to 
be  tribasic. 

When  solution  of  rhodizonate  of  potassa  is  boiled,  it  becomes  orange 
yellow  from  decomposition  of  the  acid,  and  is  then  found  to  contain 
oxalate  of  potassa,  free  potassa,  and  a  salt  of  an  acid  to  which  the 
term  crocmiic  is  applied.  This  acid  can  be  isolated;  it  is  j'ellow, 
easily  crystallizable,  and  soluble  both  in  water  and  alcohol.  Crystal- 
lized croconic  acid  contains  CjO^jHO. 


THE  FERMENTATION  OF  SUGAR  AND  ITS  PRODUCTS. 

The  tei-m  fermentation  is  applied  in  chemistry  to  a  peculiar  me- 
tamorphosis of  a  complex  organic  substance,  by  a  transposition  of  its 
elements  under  the  agency  of  an  external  disturbing  force,  different 
from  ordinary  chemical  attraction,  and  more  resembling  those  obscui'e 
phenomena  of  contact  already  noticed,  to  which  the  expression  kata- 
lijsis  is  sometimes  applied.  The  explanation  which  Liebig  has  suo-- 
gested  of  the  cause  and  nature  of  the  feimentative  change  is  a  very- 
happy  one,  although  of  necessity  only  hypothetical.  It  has  long  been 
known  that  one  of  the  most  indispensable  conditions  of  that  process 
is  the  presence  in  the  fermenting  liquid  of  certain  azotized  substances 
called  ferments,  whose  decomposition  proceeds  simultaneously  with 
that  of  the  body  undergoing  metamorphosis.  They  all  belong  to  the 
class  of  albuminous  principles,  bodies  which  in  a  moist  condition 
putrefy  and  decoinpose  spontaneously.  It  is  imagined  that  when 
these  substances,  in  the  act  of  undergoing  change,  ai-e  brought  into 


416 


FERMENTATION  OF  SUGAR. 


contact  with  neutral  ternary  compounds  of  slight  stability,  as  sugar, 
the  molecular  disturbance  of  the  body,  already  in  a  state  of  decompo- 
sition, may  be,  as  it  were,  propagated  to  the  other,  and  bi-ing  about 
destruction  of  the  equilibrium  of  forces  to  which  it  owes  its  beinp-. 
The  complex  body,  under  these  circumstances,  breaks  up  into  simpler 
products,  wliich  possess  greater  permanence.  Whatever  may  be  the 
ultimate  fate  of  this  ingenious  hypothesis,  it  is  certain  that  decom- 
posing azotized  bodies  not  only  do  possess  very  energetic  and  extra- 
ordinary powers  of  exciting  fermentation,  but  that  the  kind  of 
fermentation  set  up  is,  in  a  great  degi-ee,  dependent  on  the  phase  or 
stage  of  decomposition  of  the  ferment. 

Alcohol  ;  vinous  fermentation.— A  solution  of  pure  sugar, 
in  an  open  or  close  vessel,  may  be  preserved  unaltered  for  any  length 
of  time ;  but,  if  putrescible  azotized  matters  be  present,  in  the  proper 
state  of  decay,  the  sugar  is  converted  into  alcohol,  with  escape  of 
carbonic  acid.  Putrid  blood,  white  of  egg,  or  flour-paste,  will  effect 
this.  By  far  the  most  potent  alcoholic  ferment  is,  however,  to  be 
found  in  the  insoluble,  yellowish,  viscid  matter  deposited  fi-om  beer 
in  the  act  of  fermentation,  called  yeast.  If  the  sugar  be  dissolved  in 
a  large  quantity  of  water,  a  due  proportion  of  active  yeast  added,  and 
the  whole  maintained  at  a  temperature  of  70°  (21°-lC)or  80°  (26''-6C), 
the  change  will  go  on  with  great  rapidity.  The  gas  disengaged  will 
be  found  to  be  nearly  pure  carbonic  acid ;  it  is  easily  collected  and 
examined,  as  the  fermentation,  once  commenced,  proceeds  perfectly 
well  in  a  close  vessel,  as  a  large  bottle  or  flask,  fitted  with  a  cork  and 
conducting-tube.  When  the  effervescence  is  at  an  end,  and  the  liquid 
has  become  clear,  it  will  yield  alcohol  by  distillation.  Such  is  the 
origin  of  this  important  compound ;  it  is  a  product  of  the  metamor- 
phosis of  sugar,  under  the  influence  of  a  ferment. 

The  composition  of  alcohol  is  expressed  by  the  formula  C^HgOj  ; 
it  is  produced  by  the  breaking  up  of  an  equivalent  of  grape-sugar, 
C.^^HjgOjg,  into  4  eq.  of  alcohol,  8  of  carbonic  acid,  and  4  of  water. 
It  is  grape-sugar  alone  which  yields  alcohol,  the  ferment  in  the 
experiment  above  related  first  converting  the  cane-sugar  into  that 
substance.  Milk-sugar  may  sometimes  apparently  be  made  to  fer- 
ment, but  a  change  into  grape-sugar  always  really  precedes  the  pro- 
duction of  alcohol. 

The  spirit  first  obtained  by  distilling  a  fermented  saccharine  liquid 
is  very  weak,  being  diluted  with  a  large  quantity  of  water.  By  a 
second  distillation,  in  which  the  first  portions  of  the  distilled  liquid 
are  collected  apart,  it  may  be  greatly  strengthened  :  the  whole  of  the 
water  cannot,  however,  be  thus  i-emoved.  The  strongest  rectified 
spirit  of  wine  of  commerce  has  a  density  of  about  0"835,  and  yet  con- 
tains 13  or  14  per  cent,  of  water.  Pure  or  absolute  alcohol  may  be 
obtained  from  this  by  redistilling  it  with  half  its  weight  of  fresh 
quick-lime.  The  lime  is  i-educed  to  coarse  powder,  and  put  into  a 
retort ;  the  alcohol  is  added,  and  the  whole  mixed  by  agitation.  The 
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neck  of  the  retort  is  securely  stopped  with  a  cork,  and  the  mixture 
left  for  several  days.  The  alcohol  is  distilled  off'  by  the  heat  of  a 
water-bath . 

Pure  alcohol  is  a  colourless,  limpid  liquid,  of  pungent  and  agreeable 
taste  and  odour ;  its  specific  gravity  at  60°  (15=-5C)  is  0-7938,  and 
that  of  its  vapour  1-613.  It  is  very  inflammable,  burning  with  a  pale- 
bluish  flame,  free  from  smoke :  it  has  never  been  frozen.  Alcohol 
boils  at  173"  (78''-4C)  when  in  the  anhydrous  condition;  in  a  diluted 
state,  the  boiling-point  is  highei-,  being  progressively  raised  by  each 
addition  of  water.  In  the  act  of  dilution  a  contraction  of  volume 
occurs,  and  the  temperature  of  the  mixture  rises  many  degrees  ;  this 
takes  place  not  only  with  pure  alcohol,  but  with  rectified  spirit.  It 
is  miscible  with  water  in  all  proportions,  and,  indeed,  has  a  great 
attraction  for  the  latter,  absorbing  its  vapour  from  the  air,  and  ab- 
stracting the  moisture  from  membranes  and  other  similar  substances 
immersed  in  it.  The  solvent  powers  of  alcohol  are  very  extensive ; 
it  dissolves  a  great  number  of  saline  compounds,  and  likewise  a  con- 
siderable proportion  of  potassa.  With  many  of  these  substances  it 
forms  definite  compounds.  The  substance  which  is  produced  by 
potassa  contains  C^HjOjKO ;  it  may  be  likewise  formed  by  acting 
with  potassium  upon  anhydrous  alcohol,  when  hydrogen  is  evolved. 
Alcohol  dissolves,  moreover,  many  organic  substances,  as  the  vegeto- 
alkalis,  resins,  essential  oils,  and  various  other  bodies;  hence  its 
great  use  in  chemical  investigations  and  in  several  of  the  arts. 

The  strength  of  commercial  spirit  is  inferred  from  its  density,  when 
free  from  sugar  and  other  substances  added  subsequent  to  distillation ; 
a  table  exhibiting  the  proportions  of  real  alcohol  and  water  in  spirits 
of  diiferent  densities  will  be  found  at  the  end  of  the  volume.  The 
excise  proof  spirit  has  a  sp.  gr.  of  0-9198  at  60°  (15°-5C),  and 
contains  49^  per  cent,  by  weight  of  real  alcohol. 

Wine,  beer,  &c.,  owe  their  intoxicating  properties  to  the  alcohol 
they  contain,  the  quantity  of  which  varies  very  much.  Port  and 
sherry,  and  some  other  strong  wines,  contain,  according  to  Mr. 
Brande,  from  19  to  25  per  cent,  of  alcohol,  while  in  the  lighter  wines 
of  France  and  Germany  it  sometimes  falls  as  low  as  12  per  cent. 
Strong  ale  contains  about  10  per  cent.;  ordinary  spirits,  as  brandy, 
gin,  whisky,  40  to  50  per  cent.,  or  occasionally  more.  These 
latter  owe  their  characteristic  flavours  to  certain  essential  oils,  present 
in  very  small  quantity,  either  generated  in  the  act  of  fermentation  or 
pui-posely  added. 

In  making  wine,  the  expressed  juice  of  the  grape  is  simply  set 
aside  in  large  vats,  where  it  undergoes  spontaneously  the  necessary 
change.  The  vegetable  albumin  of  the  juice  absorbs  oxygen  from  the 
air,  runs  into  decomposition,  and  in  that  state  becomes  a  ferment  to 
the  sugar,  which  is  gradually  converted  into  alcohol.  If  the  suo-ar  be 
in  excess,  and  the  azotized  matter  deficient,  the  resulting  wine  re- 
mains sweet;  but  if,  on  the  other  hand,  the  proportion  of  sugar  be 
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small,  and  that  of  albumin  large,  a  dry  wine  is  produced.  When  the 
fei-mentation  stops,  and  the  liquor  becomes  clear,  it  is  drawn  off  from 
the  lees,  and  transferred  to  casks,  to  ripen  and  improve. 

The  colour  of  red  wine  is  derived  from  the  skins  of  the  grapes, 
which  in  such  cases  are  left  in  the  fermenting  liquid.  Effervescent 
wines,  as  champagne,  are  bottled  before  the  fementation  is  complete ; 
the  carbonic  acid  is  disengaged  under  pressure,  and  retained  in  solu- 
tion in  the  liquid.    The  process  requires  much  delicate  management. 

During  the  fermentation  of  the  gi-ape-juice,  or  must,  a  crystalline, 
stony  matter,  called  argol,  is  deposited.  This  consists  chiefly  of  acid 
tartrate  of  potassa,  with  a  little  tartrate  of  lime  and  colouring  matter, 
and  is  the  source  of  all  the  tartaric  acid  met  with  in  commerce.  The 
salt  in  question  exists  in  the  juice  in  considerable  quantity  ;  it  is  but 
sparingly  soluble  in  water,  but  still  less  so  in  dilute  alcohol ;  hence,  as 
the  fermentation  proceeds,  and  the  quantity  of  spirit  increases,  it  is 
slowly  deposited.  The  acid  of  the  juice  is  thus  removed  as  the  sugai- 
disappeai's.  It  is  this  circumstance  which  renders  grape-juice  alone 
fit  for  making  good  wine :  when  that  of  gooseben'ies  or  currants  is 
employed  as  a  substitute,  the  maUc  and  citric  acids  which  these  fruits 
contain  cannot  be  thus  withdrawn.  There  is,  then,  no  other  resource 
but  to  add  sugar  in  sufficient  quantity  to  mask  and  conceal  the 
natural  acidity  of  the  liquor.  Such  wines  are  necessarily  acescent, 
prone  to  a  second  fermentation,  and,  to  many  persons  at  least,  veiy 
unwholesome. 

Beer  is  a  well-known  liquor,  of  great  antiquity,  prepared  fi-om  ger- 
minated grain,  generally  barley,  and  is  used  in  countries  where  the 
vine  does  not  flourish.  The  operation  of  malting  is  performed  by 
steeping  the  barley  in  water  until  the  grains  become  swollen  and  soft, 
then  piling  it  in  a  heap  or  couch,  to  favour  the  elevation  of  tempera- 
ture caused  by  the  absorption  of  oxygen  from  the  air,  and  afterwards 
spreading  it  upon  a  floor,  and  turning  it  over  from  time  to  time,  to 
prevent  unequal  heating.  When  germination  has  proceeded  far 
enough,  the  vitality  of  the  seed  is  destroyed  by  kiln-drying.  During 
this  process,  the  curious  substance  already  referred  to,  diastase,  is 
produced,  and  a  portion  of  the  starch  of  the  grain  converted  into  sugar, 
and  rendered  soluble.  ^  ^ 

In  brewing,  the  crushed  malt  is  infused  in  water  at  about  170 
(76°-6C),  and  the  mixture  left  to  stand  during  the  space  of  two  hours 
or  more.  The  easily  soluble  diastase  has  thus  an  opportunity  of 
acting  upon  the  unaltered  starch  of  the  grain,  and  changing  (it 
into  dextrin  and  sugar.  The  clear  liquor,  or  wort,  strained  fi-om 
the  exhausted  malt,  is  next  pumped  up  into  a  copper  boilei-,  and 
boiled  with  the  requisite  quantity  of  hops,  for  communicating  a  plea- 
sant bitter  flavom-,  and  conferring  on  the  beer  the  property  of  keeping 
without  injury.  The  flowers  of  the  hop  contain  a  bitter,  resmous 
principle,  called  lupulin,  and  an  essential  oil,  both  of  which  are 
useful. 
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When  the  wort  has  been  sufficiently  boiled,  it  is  drawn  from  the 
copper,  and  cooled,  as  rapidly  as  possible,  to  near  the  ordinary  tem- 
perature of  the  air,  in  order  to  avoid  an  irregular  acid  fermentation,  to 
which  it  would  otherwise  be  liable.  It  is  then  transferred  to  the  fer- 
menting vessels,  which  in  large  breweries  ai-e  of  great  capacity,  and 
mixed  with  a  quantity  of  yeast,  the  product  of  a  preceding  operation, 
by  which  the  change  is  speedily  induced.  This  is  the  most  critical 
part  of  the  whole  operation,  and  one  in  which  the  skill  and  judgment 
of  the  brewer  are  most  called  into  play.  The  process  is  in  some 
measure  mider  control  by  attention  to  the  temperature  of  the  liquid, 
and  the  extent  to  which  the  change  has  been  carried  is  easily  known 
by  the  diminished  density,  or  attenuation,  of  the  wort.  The  ferment- 
ation is  never  suffered  to  run  its  full  course,  but  is  always  stopped  at 
a  particular  point,  by  separating  the  yeast,  and  drawing  oft'  the  beer 
into  casks.  A  slow  and  almost  insensible  fermentation  succeeds, 
which  in  time  renders  the  beer  stronger  and  less  sweet  thaii  when 
new,  and  charges  it  with  carbonic  acid. 

Highly-coloured  beer  is  made  by  adding  to  the  malt  a  small  quan- 
tity of  strongly-dried  or  charred  malt,  the  sugar  of  which  has  been 
changed  to  caramel :  porter  and  stout  are  so  prepai'ed. 

The  yeast  of  beer  is  a  very  remarkable  substance,  and  has  excited 
much  attention.  To  the  naked  eye  it  is  a  greyish-yellow  soft  solid, 
nearly  insoluble  in  water,  and  dries  up  to  a  pale-brownish  mass,  which 
readily  putrefies  when  moistened,  and  becomes  ofieusive.  Under  the 
microscope  it  exhibits  a  kind  of  organized  appearance,  being  made  up 
of  little  transparent  globules,  which  sometimes  cohere  in  clusters  or 
strings,  like  some  of  the  lowest  members  of  the  vegetable  kingdom. 
Whatever  may  be  the  real  nature  of  the  substance,  no  doubt  can  exist 
that  it  is  formed  from  the  soluble  azotized  portion  of  the  grain  during 
the  fermentive  process.  No  yeast  is  ever  produced  in  liquids  free 
from  azotized  matter;  that  added  for  the  purpose  of  exciting  fer- 
mentation in  pure  sugar  is  destroyed,  and  rendered  inert  thereby. 
When  yeast  is  deprived,  by  straining  and  strong  pressure,  of  as  much 
water  as  possible,  it  may  be  kept  in  a  cool  place,  with  unaltered  pro- 
perties, for  a  long  time ;  otherwise  it  speedily  spoils. 

The  distiller,  who  prepares  spirits  from  grain,  makes  his  wort,  oi- 
wash^  much  in  the  same  manner  as  the  brewer;  he  uses,  however, 
with  the  malt  a  large  quantity  of  raw  grain,  the  starch  of  which 
suffers  conversion  into  sugar  by  the  diastase  of  the  malt,  which  is 
sufficient  for  his  purpose.  He  does  not  boil  his  infusion  with  hops, 
but  pi-oceeds  at  once  to  the  fermentation,  which  he  pushes  as  far  ns 
possible  by  large  and  repeated  doses  of  yeast.  Alcohol  is  manufac- 
tured in  many  cases  fi  om  potatoes ;  the  potatoes  are  ground  to  pulp, 
mixed  with  hot  water  and  a  little  malt,  to  furnish  diastase,  made  to 
ferment,  and  then  the  fluid  portion  distilled.  The  potato-spirit  is  con- 
taminated by  a  very  offensive  volatile  oil,  again  to  be  mentioned  : 
the  crude  product  from  corn  contains  a  substance  of  a  similar  kind! 
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The  business  of  the  rectifier  consists  in  removing  or  modifying  these 
volatile  oils,  and  in  replacing  them  by  others  of  a  more  agreeable 
character. 

In  making  bread,  the  vinous  fermentation  plays  an  important  part; 
the  yeast  added  to  the  dough  converts  the  small  portion  of  sugar  the 
meal  naturally  contains  into  alcohol  and  carbonic  acid.  The  gas  thus 
disengaged  forces  the  tough  and  adhesive  materials  into  bubbles,  which 
aj-e  still  faiiiber  expanded  by  the  heat  of  the  oven,  which  at  the  same 
time  dissipates  the  alcohol ;  hence  the  light  and  spongy  te.xture  of  all 
good  bread.  Sometimes  carbonate  of  ammonia  is  employed  with  the 
same  view,  being  completely  volatilized  by  the  high  temperature  of 
the  oven.  Bread  is  now  sometimes  made  by  mixing  a  little  hydro- 
cliloric  acid  and  carbonate  of  soda  in  the  dough ;  if  proper  propor- 
tions be  taken,  and  the  whole  thoroughly  mixed,  the  operation  ap- 
pears to  be  veiy  successful.  The  use  of  leaven  is  one  of  great  anti- 
quity :  this  is  merely  dough  in  a  state  of  incipient  putrefaction. 
When  mixed  with  a  large  quantity  of  fi-esh  dough,  it  excites  in  the 
latter  the  alcoholic  fermentation,  in  the  same  manner  as  yeast,  but 
less  perfectly ;  it  is  apt  to  communicate  a  disagreeable  sour  taste  and 
odour. 

Lactic  acid  ;  lactic  acid  fermentation  ;  butyeic  acid  fer- 
mentation.— Azotized  albuminous  substances,  which  in  an  ad- 
vanced state  of  putrefactive  change  act  as  alcohol-ferments,  often  pos- 
sess, at  certain  periods  of  decay,  the  property  of  inducing  an  acid 
fermentation  in  sugar,  the  consequence  of  which  is  the  conversion  of 
that  substance  into  lactic  acid.  Thus,  the  azotized  matter  of  malt, 
when  suffered  to  putrefy  in  water  for  a  few  days,  acquires  the  power 
of  acidifying  the  sugar  which  accompanies  it,  while  in  a  more  ad- 
vanced state  of  decomposition  it  converts,  under  similai-  circumstances, 
the  sugar  into  alcohol.  The  glutin  of  grain  behaves  in  the  same 
manner  :  wheat  flour,  made  into  a  paste  with  water,  and  left  four  or 
five  days  in  a  wai-m  situation,  becomes  a  true  lactic  acid  fei-ment ;  if 
left,  a  day  or  two  longer,  it  changes  its  character,  and  then  acts  like 
common  yeast.  Moist  animal  membranes,  in  a  slightly-decaying  con- 
dition, often  act  energetically  in  developing  lactic  acid. 

Cane-sugar,  probably  by  previously  becoming  grape-sugar,  and  the 
sugar  of  milk,  both  yield  lactic  acid,  the  latter,  however,  most  readily, 
the  grape-sugar  having  a  strong  tendency  towards  the  alcohoUc  change. 
A  eood  method  of  preparing  lactic  acid  is  the  following.  An  addi- 
tional quantity  of  milk-sugar  is  dissolved  in  ordinary  milk,  which  is 
then  set  aside  in  a  warm  place,  until  it  becomes  sour-  and  coagulated. 
The  casein  of  the  milk  absorbs  oxygen  from  the  air,  runs  into  puti-e- 
faction,  and  acidifies  a  portion  of  the  sugar.  The  lactic  acid  fonned, 
after  a  time  coagulates  and  renders  insoluble  the  casein,  and  the  pro- 
duction of  that  acid  ceases.  By  carefully  neutralizing,  however,  the 
free  acid  by  carbonate  of  soda,  the  casein  becomes  soluble,  and  re- 
suming its  activity,  changes  a  fresh  quantity  of  sugar  into  lactic  acid. 
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which  may  be  also  neutralized,  and  by  a  sufficient  number  of  repeti- 
tions of  this  process  all  the  sugar  of  milk  present  may,  in  time,  be 
acidified.  When  this  has  taken  place,  the  liquid  is  boiled,  filtered, 
and  evaporated  to  dryness  in  a  water-bath.  The  residue  is  treated 
with  hot  alcohol,  which  dissolves  out  the  lactate  of  soda.  The  alco- 
holic solution  may  then  be  decomposed  by  the  cautious  addition  of 
sulphuric  acid,  which  precipitates  sulphate  of  soda,  insoluble  in  spirit. 
The  free  acid  may,  if  needful,  be  neutralized  with  lime,  and  the  re- 
sulting salt  purified  by  re-crystallization  and  the  use  of  animal  chai^ 
coal,  after  which  it  may  be  decomposed  by  oxalic  acid. 

The  following  process  will  be  found  more  economical  on  a  lai^e 
scale : — A  mixture  is  made  of  two  gallons  of  milk,  which  may  be  stale 
or  skimmed  milk,  six  pounds  of  raw  sugar,  twelve  pints  of  water, 
eight  oimces  of  putrid  cheese,  and  four  pounds  of  chalk,  wlxich  should 
be  mixed  up  to  a  creamy  consistence  with  some  of  the  liquid.  This 
mixture  is  exposed  in  a  loosely-covered  jar  to  a  temperature  of  about 
86'^  (30°C),  with  occasional  stirring.  At  the  end  of  two  or  three 
weeks  it  will  be  found  converted  into  a  semi-solid  mass  of  lactate 
of  lime,  which  may  be  drained,  pressed,  and  purified  by  re-crystal- 
lization fi'om  water. 

The  lactate  of  lime  may  be  decomposed  by  the  necessary  quantity 
of  pure  oxalic  acid,  the  filtered  liquor  neutralized  with  carbonate  of 
zinc,  and,  after  a  second  filtration,  evaporated  until  the  zinc-salt  crys- 
tallizes out  on  cooling.  The  latter  may,  lastly,  be  re-dissolved  in 
water,  and  decomposed  by  sulphuretted  hydrogen,  in  order  to  obtain 
the  free  acid. 

If  in  the  first  part  of  the  process  the  solid  lactate  of  lime  be  not 
removed  at  the  pi-oper  period  from  the  fermenting  liquid,  it  will  gra.- 
dually  re-dissolve  and  disappear.  On  examination  the  liquid  will  then 
be  found  to  consist  chiefly  of  a  solution  of  hutyrate  of  lime. 

This  second  stage  of  the  process,  to  which  the  name  of  butyric  acid 
fermentation  has  been  given,  is  attended  with  an  evolution  of  hydro- 
gen and  carbonic  acid.  It  will  be  mentioned  more  in  detail  in  the 
Section  on  Oils  and  Fats. 

Lactic  acid  may  be  extracted  from  a  great  variety  of  liquids  con- 
taining decomposing  organic  matter,  as  sauerkraut,  a  preparation  of 
white  cabbage  ;  the  som-  liquor  of  the  starch-maker,  &c.  It  has  been 
supposed  to  exist  in  the  blood,  urine,  and  other  animal  fluids.  Recent 
researches  have,  however,  failed  to  detect  it  in  either  blood  or  urine, 
although  it  has  been  shown  by  Liebig  to  exist  in  considerable  quantity 
in  the  jixice  of  flesh  or  muscle. 

Lactic  acid  has  been  lately  produced  artificially  in  a  most  re- 
markable manner  by  the  action  of  nitrous  acid  upon  alanine.  (See 
the  Section  on  Organic  Bases.) 

Solution  of  lactic  acid  may  be  concentrated  in  the  vacuum  of  the 
air-pump,  over  a  surface  of  oil  of  vitriol,  until  it  acquires  the  aspect 
of  a  colourless,  syrupy  liquid,  of  sp.  gr.  1-215.    It  has  au  intensely 
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sour  taste  and  acid  reaction ;  it  is  hygroscopic,  and  very  soluble  in 
water,  alcohol,  and  ether.  It  forms  soluble  salts  with  all  the  metallic 
oxides.  The  syrupy  acid  contains  CgHjO.  +  HO,  or  C|jH,gO,Q+ 
2H0,  the  water  being  basic,  and  susceptible  of  replacement  by  a 
metallic  oxide. 

When  syrupy  lactic  acid  is  heated  in  a  retort  to  266°  (130°C), 
water  containing  a  little  lactic  acid  distils  over,  and  the  residue  on 
cooling  forms  a  yellowish  solid  fusible  mass,  very  bitter,  and  nearly 
insoluble  in  water.  This  is  anhydrous  lactic  acid,  CgHjOj.  Long- 
continued  boiling  with  water  converts  it  into  ordinary  lactic  acid. 
When  this  substance  is  farther  heated  it  decomposes,  yielding  nume- 
rous products.  One  of  these  is  lactide,  formerly  erroneously  called 
anhydrous  lactic  acid,  a  volatile  substance,  crystallizing  in  brilliant 
colourless  rhombic  plates,  which,  when  put  into  water,  slowly  dis- 
solve, with  production  of  common  lactic  acid.  Lactide  contains 
CgH^04  ;  it  combines  with  ammonia,  forming  lactamide,  CgH^NO^,  a 
colourless,  crystallizable,  soluble  substance,  resembling  in  its  chemical 
relations  oxamide.  Another  product  of  the  action  of  heat  on  lactic 
acid  is  lactone,  a  colourless  volatile  liquid,  boiling  at  198°  (92°'2C). 
Acetone  is  also  formed,  and  carbonic  oxide  and  carbonic  acid  are  dis- 
engaged. 

A  salt  of  lactic  acid,  gently  heated  with  five  or  six  parts  of  oil  of 
vitriol,  yields  an  enormous  quantity  of  perfectly  pure  carbonic  oxide 
gas. 

The  most  important  and  characteristic  of  the  lactates  are  those  of 
lime  and  the  oxide  of  zinc. 

Lactate  of  Lime,  CaOjCgH^Oj -(- 5H0,  exists  ready-formed,  to  a 
small  extent,  in  Nux  vomica.  When  pure,  it  crystallizes  in  tufts  of 
minute  white  needles  grouped  in  concentric  layers.  It  dissolves  in 
10  parts  of  cold,  and  indefinitely  in  boiling  water,  melting  in  its 
water  of  crystallization  at  that  temperature. 

•  Lactate  of  zinc,  ZnO,CgH505-|-3HO,  is  deposited  from  a  hot 
solution  in  small  brilliant  4-sided  prismatic  crystals,  which  require  for 
solution  58  parts  of  cold  and  6  of  boiling  water. 

Lactate  of  protoxide  of  iron,  FeO,CgH505+ 3H0,  is  now 
used  in  medicine.  It  is  prepared  by  adding  alcohol  to  a  mixture  of 
lactate  of  ammonia  and  protochloride  of  iron,  when  the  salt  is  preci- 
pitated in  the  form  of  small  yellowish  needles. 


When  the  expressed  juice  of  the  beet  is  exposed  to  a  temperature 
of  90°  (32°-9C)  or  100"  (37° -70)  for  a  considerable  time,  the  sugar  it 
contains  suffers  a  peculiar  kind  of  fermentation,  to  which  the  tenn 
tiscous  has  been  applied.  Gases  are  evolved  which  contain  hydrogen, 
and  when  the  change  appears  complete,  and  the  products  come  to  be 
examined,  the  sugar  is  found  to  have  disappeared.    Mere  traces  of 


BTHEB. 


423 


alcohol  are  produced,  but,  in  place  of  that  substance,  a  quantity  of 
lactic  acid,  mannite,  and  a  mucilaginous  substance  resembling  gum- 
Arabic,  and  said  to  be  identical  with  gum  in  composition. 

Pure  sugar  can  'be  converted  into  this  substance;  by  boiling  yeast 
or  the  glutin  of  wheat  in  water,  dissolving  sugar  in  the  filtered  solu- 
tion, and  exposing  it  to  a  tolerably  high  temperatiu-e,  the  viscous 
fei-mentation  is  set  up,  and  a  large  quantity  of  the  gummy  principle 
generated.  A  little  gas  is  at  the  same  time  disengaged,  which  is  a 
mixture  of  carbonic  acid  and  hydrogen. 


PRODUCTS  OF  THE  ACTION  OF  ACIDS  ON  ALCOHOL. 

Ether  ;  oxide  of  ethyl. — When  equal  weights  of  rectified  spirit 
and  oil  of  vitriol  are  mixed  in  a  retort,  the  latter  connected  with  a 
good  condensing  arrangement,  and  the  liquid  heated  to  ebullition, 
a  colourless  and  highly-volatile  liquid,  long  known  under  the  name 
of  ether,  or  sulphuric  ether,  distils  over.  The  process  must  be  stopped 
as  soon  as  the  contents  of  the  retoi-t  blacken  and  froth,  otherwise 
the  product  will  be  contaminated  with  other  substances,  which  then 
make  their  appearance.  The  ether  obtained  may  be  mixed  with  a 
little  caustic  potassa,  and  re-distilled  by  a  veiy  gentle  heat. 

Pure  ether  is  a  colourless,  transparent,  fragrant  liquid,  very  thin 
and  mobile.  Its  sp.  gr.  at  60°  (15°-5C)  is  about  0-720;  it  boils  at 
96°  (35^"5C)  under  the  pressure  of  the  atmosphere,  and  bears  without 
freezing  the  severest  cold.  When  dropped  on  the  hand  it  occasions 
a  sharp  sensation  of  cold,  from  its  rapid  volatilization.  Ether  is  very 
combustible ;  it  burns  with  a  white  flame,  generating  water  and  car- 
bonic acid.  Although  the  substance  itself  is  one  of  the  lightest  of 
liquids,  its  vapour  is  very  heavy,  having  a  density  of  2'586.  Mixed 
with  oxygen  gas,  and  &ed  by  the  electric  spark,  or  otherwise,  it 
explodes  with  the  utmost  violence.  Preserved  in  an  imperfectly- 
stopped  vessel,  ether  absorbs  oxygen,  and  becomes  acid  from  the  pro- 
duction of  acetic  acid  :  this  attraction  for  oxygen  is  increased  by 
elevation  of  temperature.  It  is  decomposed  by  transmission  through 
a  red-hot  tube  into  defiant  gas,  light  carbonetted  hydrogen,  and  a 
substance  yet  to  be  described,  aldehyde. 

Ether  is  miscible  with  alcohol  in  all  proportions,  but  not  with 
water ;  it  dissolves  to  a  small  extent  in  that  liquid,  10  parts  of  water 
taking  up  1  part,  or  thereabouts,  of  ether.  It  may  be  separated  from 
alcohol,  provided  the  quantity  of  the  latter  be  not  excessive,  by  an 
addition  of  water,  and  in  this  manner  samples  of  commercial  ether 
may  be  conveniently  examined.    Ether  is  a  solvent  for  oily  and  fatty 
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substances  generally,  and  phosphorus  to  a  small  extent,  a  few  saline 
compounds  and  some  organic  principles,  but  its  powers  in  this 
respect  are  much  more  limited  than  those  of  alcohol  or  water. 

Ether  was  the  first  of  a  great  number  of  analogous  substances  in 
which  the  property  of  producing  temporary  insensibility  to  pain  was 
recognized.  In  surgical  operations,  the  use  of  ether  is  now  superseded 
by  that  of  chloroform. 

Ether  is  found  by  analysis  to  contain  C^H^O ;  it,  therefore,  differs 
from  alcohol,  C^HgOj,  by  the  elements  of  water.  Alcohol  is  often 
regarded  as  the  hydrate  of  ether;  but  as  ether  cannot  be  made  to 
combine  with  water  directly,  and  as  alcohol  cannot  be  converted  into 
ether  by  the  abstraction  of  water  by  the  aid  of  substances  known  to 
possess  a  strong  affinity  for  that  body,  such  a  view  was  always  looked 
upon  as  hypothetical.  Recent  experiments  have,  in  fact,  shown  that 
a  very  different  relation  exists  between  alcohol  and  ether.  We  shall 
return  to  these  researches,  when  we  consider  the  theory  of  the  pro- 
duction of  ether,  which  will  be  discussed  partly  in  connection  with 
the  history  of  sulphovinic  acid,  and  partly  with  that  of  the  methyl- 
compounds. 

Compound  ETHERS  ;  ethyl-theory  ;  ethyl. — The  so-called  com- 
pound ethers  constitute  a  very  large  and  important  class  of  substances 
derived  from  alcohol,  and  containing  either  the  elements  of  ether,  in 
combination  with  those  of  an  oxygen-add,  inorganic  or  organic,  or 
the  elements  of  olefiant  gas  in  union  with  those  of  a  hydrogen-acid. 
The  relations  of  these  compounds  to  alcohol  and  the  acids  are  most 
simply  and  clearly  illustrated  by  comparing  them  with  ordinary  salts, 
in  which  the  metal  is  replaced  by  a  salt-basyle  termed  etlujl,  contam- 
ing  C^Hj.  This  substance  forms  haloid-salts  by  combining  with 
chlorine,  iodine,  bromine,  &c.,  and  its  oxide,  identical  or  isomeric 
witli  common  ether,  with  oxygen-acids,  like  basic  metallic  oxides  in 
general.  A  body  containing  carbon  and  hydrogen  in  the  proportions 
indicated  by  the  formula  C^H,,  has  been  lately  obtained  by  Dr. 
Fraukland, "  from  one  of  the  members  of  this  group  of  compounds, 
and  described  imder  the  name  of  ethijl.  It  is  fomied  by  exposing 
iodide  of  ethyl,  in  sealed  tubes,  to  the  action  of  metallic  zinc,  at  a 
temperature  of  320°  (160°C).*  In  this  reaction,  the  iodine  of  the 
iodide  of  ethyl,  C^HjI  combines  with  the  zinc,  and  ethyl  is  set 
free.  On  opening  the  sealed  tubes,  and  allowing  the  gas,  which  is 
ethyl  mixed  with  several  secondary  products  (especially  olefiant  gas), 
to  pass  into  a  freezing  mixture,  the  temperature  of  which  is  kept 
below  -  9°(  23°C),  the  ethyl  condenses  to  a  colourless  mobile  liquid. 
It  is  not  attacked  by  concentrated  sulphuric  and  nitric  acids.  Chlorine 
acts  upon  it  under  the  influence  of  light,  but  not  in  the  dark.  Hitherto 
no  compound  ether  has  been  reproduced  from  ethyl.  The  ethyl- 
theory,  proposed  by  Liebig  long  before  the  separation  of  ethyl  itself, 
will  be  found  very  useful  as  an  aid  to  the  memory  ;  it  must  not,  how- 
*  See  also,  zinc-ethyl,  page  445. 
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ever,  be  forgotten  that  the  compound  ethers  are  distinguished  by 
important  characters  from  real  and  undoubted  salts. 


Table  of  Ethyl-Compomds. 
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Ethyl,  symbol  Ae    .       .       .       •  C^B.^ 
Oxide  of  ethyl ;  ether  .       .       .  C^H^O 
Hydrate  of  the  oxide  ;  alcohol  . 
Chloride  of  ethyl  . 
Bromide  of  ethyl 
Iodide  of  ethyl 
Cyanide  of  ethyl 
Nitrate  of  oxide  of  ethyl 
Nitrite  of  oxide  of  ethyl  . 
Oxalate  of  oxide  of  ethyl 
Hydride  of  ethyl 
Zinc-ethyl  .... 
&c.  &c. 


C,H,C1 
C,H,Br 
C,H,I 

C.H.O.NOj 
C^HjO.NOg 
C,H,0,C,03 
C,H,H 
C^HgZn 


The  ethers  of  many  of  the  acids  may  be  formed  by  the  direct  action 
of  the  latter  upon  alcohol  at  a  high  temperature,  the  elements  of 
water  being  displaced  by  those  of  the  acid :  this  is  chiefly  conspicuous 
with  the  volatile  acids.  A  more  ready  general  method  of  forming 
them,  however,  is  to  distil  a  mixtm-e  of  alcohol,  sulpliuric  acid,  and 
a  salt  of  the  acid  the  ether  of  which  is  required.  The  fatty  acids, 
which  in  general  cannot  be  distilled  without  more  or  less  decomposi- 
tion, yield  their  ethers  with  great  facility  by  the  action  of  hydro- 
chloric acid  gas  upon  an  alcoholic  solution  of  the  acid. 

The  compound  ethers  are  mostly  volatile  aromatic  liquids,  in  a  few 
cases  crystallizable  solids,  without  action  on  vegetable  colours,  spar- 
ingly soluble  in  water,  but  dissolved  in  all  proportions  by  alcohol  and 
ether.  They  are  not  acted  upon  in  the  cold  by  alkaline  carbonates, 
but  suffer  decomposition  with  more  or  less  difficulty  when  heated  with 
aqueous  solutions  of  caustic  alkali,  a  salt  of  the  acid  of  the  ether 
being  usually  generated,  and  alcohol  formed  and  set  free.  An 
alcoholic  solution  of  hydrate  of  potassa  or  soda  is  more  active  in  this 
respect.  The  same  kind  of  decomposition  is  often  brought  about  by 
the  prolonged  contact  of  boiling  water. 

Chloride  of  etuyl;  light  hydrochloric  ether;  AeCl. — 
Rectified  spirit  of  wine  is  satm-ated  with  dry  hydi-ochloric  acid  gas, 
and  the  product  distilled  with  very  gentle  heat  •  or  a  mixture  of  3 
parts  oil  of  vitriol  and  2  of  alcohol  is  poured  upon  4  parts  of  dry 
common  salt  in  a  retort,  and  heat  applied  ;  in  either  case  the  vapour 
of  tlie  hydrochloi-ic  ether  should  be  conducted  through  a  little  tepid 
water  in  a  wash-bottle,  and  then  conveyed  into  a  small  receiver  sur- 
rounded by  ice  and  salt.  It  is  purified  from  adhering  water  by  con- 
tact with  a  few  fragments  of  fused  chloride  of  calcium.  Hydro- 


426 


COMPOUND  ETHERS. 


chloric  ether  is  a  thin,  colourless,  and  excessively  volatile  liquid,  of  a 
penetrating,  aromatic,  and  somewhat  alliaceous  odour.  At  the  fi-eezing 
point  of  water,  its  sp.  gr.  is  0-921,  and  it  boils  at  50°  (12°-5C)  ; 
it  is  soluble  in  10  parts  of  water,  is  not  decomposed  by  solution  of 
nitrate  of  silver,  but  is  quickly  resolved  into  chloride  of  potassium 
and  alcohol  by  a  hot  solution  of  caustic  potassa. 

Beomide  of  ethyl  ;  HYDROBROMic  ETHER  ;  AeBr,— This  is  pre- 
pared by  distilling  a  mixture  of  8  parts  bromine,  1  part  phosphorus, 
and  32  parts  alcohol.  The  phosphorus  is  converted  into  phosphorous 
acid  by  the  oxygen  of  the  alcohol,  when  the  ethyl  combines  with 
the  bromine ;  3  equivalents  of  alcohol,  3  equivalents  of  bromine,  and  1 
equivalent  of  phosphorus,  yield  3  equivalents  of  bromide  of  ethyl, 

3  equivalents  of  water,  and  1  equivalent  of  phosphorous  acid.  It  is 
a  veiy  volatile  liquid,  boiling  at  106°  (41  °C),  of  penetrating  taste  and 
smell,  and  superior  in  density  to  water. 

Iodide  of  ethyl;  hydeiodio  ether;  Ael.— Obtained  by  gra- 
dually mixing,  with  precaution,  1  part  of .  phosphorus,  5  pai-ts  of 
alcohol,  and  10  parts  of  iodine  (1  eq.  of  phosphorus,  3  eq.  of  alcohol, 
and  3  eq.  of  iodine),  and  distilling.  The  reaction  is  analogous  to 
that  described  in  the  case  of  the  bromide.  Iodide  of  ethyl  is  a 
colourless  liquid,  of  penetrating  ethereal  odour,  having  a  density  of 
l_-92,  and  boiling  at  158°  (70°C).  It  becomes  red  by  contact  with 
air  from  a  commencement  of  decomposition.  This  substance  has  be- 
come highly  important  as  a  source  of  ethyl,  and  from  its  remarkable 
deportment  with  ammonia,  which  will  be  discussed  in  the  Section  on 
Organic  Bases. 

Sdlphide  of  ETHYL;  AeS. — Formed  by  the  action  of  chloride 
of  ethyl  upon  a  solution  of  the  protosulphide  of  potassium.  It  is 
colourless,  has  a  disagreeable  garlic  odour,  and  boils  at  180°  (82°C). 

Cyanide  of  ethyl,  AeCy. — This  is  produced  when  a  mixtm-e  of 
sulphovinate  of  potassa  and  cyanide  of  potassium,  both  in  a  dry  state, 
is  slowly  heated.  It  is  colourless ;  when  perfectly  pure  it  has  a 
powerful,  not  disagreeable  odour,  aud  a  sp.  gr.  of  0'788.  It  boils  at 
190°-4-  (88°C).  This  substance  has  lately  been  studied  by  Drs. 
Kolbe  and  Frankland.  They  have  found  that  cyanide  of  ethyl  dif- 
fers from  the  ordinary  ethei's  in  its  deportment  with  the  alkalis. 
Instead  of  yielding  cyanide  of  potassium  and  alcohol,  it  is  converted 
into  ammonia  and  propionic  acid,  CgH^OgjHO,  a  peculiar  acid  closely 
allied  to  acetic  acid,  and  which  will  be  noticed  more  in  detail  under 
the  head  of  acetone.  Cyanide  of  ethyl,  in  this  reaction,  absorbs  4 
equivalents  of  water 

1  eq.  of  cyanide  of  ethyl  CgHjN       1  eq.  of  propionic  acid   CgHg  0^ 

4  eq.  of  water.    ...  0^    1  eq.  of  ammonia.    .    .  HgN 

CgHgNO,  CgHgNO, 
(See  also  cyanide  of  methyl.) — When  acted  upon  bypotassiom,  cyanide 
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of  ethyl  furnishes  a  gas,  the  nature  of  which  is  not  definitely  settled  ; 
the  residue  contains  cyanide  of  potassium  and  an  organic  aUiali 
cyanethine,  which  contains  CigHisNg,  and  is  formed  by  the  coales- 
cence of  three  equivalents  of  the  cyanide. 

Sulphite  of  oxide  of  ethyl  ;  sulphurous  ether  ;  AeO.SOj. — 
This  substance  was  obtained  by  adding  absolute  alcohol  in  excess 
to  subchloride  of  sulphur.  Hydrochloric  acid  is  evolved,  and  sulphur 
deposited,  while  the  sulphite  of  ethyl  distils  as  a  limpid  strongly 
smelling  liquid,  of  sp.  gr.  1-085,  boiling  at  338^  (ITO^C) ;  it  is  slowly 
decomposed  by  water. 

Sulphate  of  oxide  of  ethyl  ;  sulphuric  ether  ;  AeOjSOg. — 
This  substance  has  been  only  recently  obtained.  It  is  formed  by  pass- 
ing the  vapour  of  anhydrous  sulphuric  acid  into  perfectly  anhydrous 
ether.  A  syi-upy  liquid  is  produced,  which  is  shaken  with  4  vols,  of 
water,  and  1  vol.  of  ether,  when  two  layers  are  formed ;  the  lower  con- 
tains sulphovinic  acid  (see  this  substance,  page  432)  and  various  other 
compounds,  while  the  upper  layer  consists  of  an  ethereal  solution  of 
sulphate  of  ethyl.  At  a  gentle  heat  the  ether  is  volatilized,  and  the 
sulphate  of  ethyl  remains  as  a  colourless  liquid.  It  cannot  be  distilled 
without  decomposition. 

Phosphate  of  oxide  of  ethyl  ;  phosphoric  ether. — See 
phosphovinic  acid. 

Nitrate  op  oxide  of  ethyl;  nitric  ether;  AeO,N05. — The 
nitrate  likewise  has  only  recently  been  obtained  ;  it  is  prepared  by 
cautiously  distilling  a  mixture  of  equal  weights  of  alcohol  and  mode- 
rately strong  nitric  acid,  to  which  a  small  quantity  of  nitrate  of  urea 
has  been  added.  The  action  of  nitric  acid  upon  alcohol  is  peculiar : 
the  facility  with  which  that  acid  is  deoxidized  by  combustible  bodies, 
leads,  under  ordinary  circumstances,  to  the  production  of  nitrous  acid 
on  the  one  hand,  and  an  oxidized  product  of  alcohol  on  the  other,  a 
nitrite  of  the  oxide  of  ethyl  being  generated  instead  of  a  nitrate. 
M.  Millon  has  shown  that  the  addition  of  urea,  from  reasons  to  be 
explained  when  this  compound  will  be  described,  entirely  prevents  the 
formation  of  that  substance,  and  at  the  same  time  preserves  the  alcohol 
from  oxidation  by  undergoing  that  change  in  its  place,  the  sole  liquid 
product  being  the  new  ether.  The  experiment  is  most  safely  con- 
ducted on  a  small  scale,  and  the  distillation  must  be  stopped  when 
seven-eighths  of  the  whole  have  passed  over  :  a  little  water  added  to 
the  distilled  product  separates  the  nitric  ether.  Nitric  ether  has  a 
density  of  1'112;  it  is  insoluble  in  water,  has  an  agreeable  sweet 
taste  and  odour,  and  is  not  decomposed  by  an  aqueous  solution  of 
caustic  potassa,  although  that  substance  dissolved  in  alcohol  attacks  it 
even  in  the  cold,  with  production  of  nitrate  of  potassa.  Its  vapour 
is  apt  to  explode  when  strongly  heated. 

Nitrite  of  oxide  of  ethyl;  nitrous  ether;  AeO,NO  .  

Pure  nitrous  ether  can  only  be  obtained  by  the  direct  action  of  the 
acid  itself  upon  alcohol.    1  part  of  potato-starch,  and  10  parts  of 
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nitric  acid,  are  gently  heated  in  a  capacious  retort  or  flask,  and  the 
vapour  of  nitrous  acid  thereby  evolved  conducted  into  alcohol  mixed 
with  half  its  weight  of  water,  contained  in  a  two-necked  bottle, 
which  is  to  be  plunged  into  cold  water,  and  connected  with  a  good 
condensing  arrangement.  All  elevation  of  temperature  must  be  care- 
fully avoided.  The  product  of  this  operation  is  a  pale-yellow  volatile 
liquid,  possessing  an  exceedingly  agreeable  odour  of  apples ;  it  boils 
at  62°  (16°-6C),  and  has  a  density  of  0-947.  It  is  decomposed  by 
potassa,  without  darkening,  into  the  nitrite  of  the  base,  and  alcohol. 

Nitrous  ether,  but  contaminated  with  aldehyde,  may  be  prepared 
by  the  following  simple  method:— Into  a  tall  cylindrical  bottle  or  jar 
are  to  be  introduced  successively  9  parts  of  alcohol  of  sp.  gr,  0-830, 
4  parts  of  water,  and  8  parts  of  strong  fuming  nitric  acid ;  the  two 
latter  are  added  by  means  of  a  long  funnel  with  very  narrow  orifice, 
reaching  to  the  bottom  of  the  bottle,  so  that  the  contents  may  form 
tliree  distinct  strata,  which  slowly  mix  from  the  solution  of  the  liquids 
in  each  other.  The  bottle  is  then  loosely  stopped,  and  left  two  or 
three  days  in  a  cool  place,  after  which  it  is  found  to  contain  two 
layers  of  liquids,  of  which  the  uppermost  is  the  ether.  It  is  purified 
by  rectification.  A  somewhat  similar  product  may  be  obtained  by 
carefully  distilling  a  mixture  of  3  parts  rectified  spirit  and  2  of  nitric 
acid  of  1-28  sp.  gr. :  the  fire  must  be  withdrawn  as  soon  as  the  liquid 
boils. 

The  sweet  spirits  of  nitre  of  phai-macy,  prepared  by  distilling  three 
pounds  of  alcohol  with  four  ounces  of  nitric  acid,  is  a  solution  ot 
nitrous  ether,  aldehyde,  and  pei'haps  other  substances,  in  spirit  of  wine. 

Carbonate  of  oxide  of  ethyl  ;  carbonic  ether  ;  AeO,C02. 
— Fragments  of  potassium  or  sodium  are  dropped  into  oxalic  ether  as 
long  as  gas  is  disengaged ;  the  brovpn  pasty  product  is  then  mixed 
with  water  and  distilled.  The  carbonic  ether  is  found  floating  upon 
the  surface  of  the  water  of  the  receiver  as  a  colourless,  limpid  liquid 
of  aromatic  odour  and  burning  taste.  It  boils  at  259°  (126°C),  and 
is  decomposed  by  an  alcoholic  solution  of  potassa  into  carbonate  of 
that  base  and  alcohol.  The  reaction  which  gives  rise  to  tliis  substance 
is  unexplained. 

Silicic  and  boracio  ethers. — A  number  of  these  compounds  ap- 
pears to  exist,  containing  different  proportions  of  the  acids.  Silicic  ether, 
containing  SAeOjSiOg,  was  obtained  by  M.  Ebelmen  by  the  action  of 
anhydrous  alcohol  upon  chloride  of  silicium.  It  is  a  colourless,  limpid, 
aromatic  liquid,  of  sp.  gr.  0-933,  boiling  at  329°  (165°C),  and  de- 
composed by  water  with  production  of  silicic  acid  and  alcohol.  In 
contact  with  moist  air  it  is  gi-adually  resolved  into  translucent  hydrate 
of  silica,  which  becomes  in  the  end  hard  enough  to  scratch  glass.  By 
substituting  ordinary  spirit  for  absolute  alcohol,  other  compounds  con- 
taining a  larger  portion  of  silicic  acid  are  obtained. 

Boracio  ether  was  procured  by  a  similar  process,  substituting  the 
chloride  of  boron  for  chloride  of  silicium.    It  formed  a  thin,  limpid 
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liquid  of  agreeable  odonr,  having  the  sp.  gr.  of  0-885,  and  boiUng 
at  246°  (118°C).  It  is  decomposed  by  water.  Its  alcoholic  solution 
burns  with  a  fine  green  flame,  throwing  off  a  thick  smoke  of  boracic 
acid.  It  contains  SAeO.BoOg.  A  second  boracic  ether  in  the  form  of 
a  solid  glassy  fusible  substance,  containing  AeO,2Bo03,  was  formed  by 
the  action  of  fused  boracic  acid  upon  absolute  alcohol.  It  is  volatile 
in  the  vapour  of  alcohol  only,  and  is  decomposed  by  water. 

Of  the  ethers  of  the  organic  acids,  the  following  are  the  most 
important : — 

OXjiLATE  OF  THE  OXIDE  OF  ETHYL  ;  OXALIC  ETHER  ;  AeOjC^Og. 

— This  compound  is  most  easily  obtained  by  distilling  together  4  parts 
binosalate  of  potassa,  5  parts  oil  of  vitriol,  and  four  parts  strong  alcohol. 
The  distillation  may  be  pushed  nearly  to  dryness,  and  the  receiver 
kept  warm  to  dissipate  any  ordinary  ether  that  may  be  foimed.  The 
product  is  mixed  with  water,  by  which  the  oxalic  ether  is  separated 
from  the  uudecomposed  spirit ;  it  is  repeatedly  washed  to  remove  ad- 
hering acid,  and  re-distilled  in  a  small  retort,  the  first  portions  being 
received  apart  and  rejected.  Another  very  simple  process  consists  in 
digesting  equal  parts  of  alcohol  and  dehydrated  oxalic  acid,  in  a  flask 
furnished  with  a  long  glass  tube,  in  which  the  volatilized  spirit  may 
condense.  After  6  or  8  hours'  digestion,  the  mixture  generally  con- 
tains only  traces  of  oxalic  acid  which  is  not  etherified. 

Pure  oxalic  ether  is  a  colourless,  oily  liquid,  of  pleasant  aromatic 
odour,  and  1-09  sp.  gr.  It  boils  at  363°  (183''-8C),  is  but  little  solu- 
ble in  water,  and  is  readily  decomposed  by  caustic  alkalis  into  an 
oxalate  and  alcohol.  With  solution  of  ammonia  in  excess,  it  yields 
oxamide  and  alcohol.  0^1150,0203  +  NH3  =  0202,NH2  +  O4H5O, 
HO.  This  is  the  best  process  for  preparing  oxamide,  which  is  ob- 
tained perfectly  white  and  pure.  (See  page  412).  When  dry  gaseous 
ammonia  is  conducted  into  a  vessel  containing  oxalic  ether,  the  gas  is 
rapidly  absorbed,  and  a  white  solid  substance  produced,  which  is 
soluble  in  hot  alcohol,  and  separates,  on  cooling,  in  colourless,  trans- 
parent, scaly  crystals.  They  dissolve  in  water,  and  are  both  fusible 
and  volatile.  The  name  oxamethane  is  given  to  this  body  ;  it  consists 
of  CgH7N05  =  C4H-0,C^H2N05,  i.  e.,  the  ether  of  oxamic  acid  (see 
page  412).  The  same  substance  is  foi-med  when  ammonia  in  small 
quantity  is  added  to  a  solution  of  oxalic  ether  in  alcohol. 

When  oxalic  ether  is  treated  with  dry  chlorine  in  excess  in  the 
sunshine,  a  white,  colourless,  crystalline,  fusible  body  is  produced 
insoluble  in  water,  and  instantly  decomposed  by  alcohol.    It  contains 
CeCljO^,  or  oxalic  ether  in  which  the  whole  of  the  hydroo-en  is 
replaced  by  chlorine. 

Acetate  of  oxide  of  ethyl  ;  acetic  ether  ;  AeO,C  HO.  

Acetic  ether  is  conveniently  made  by  heating  together  in  a  retort  3 
parts  of  acetate  of  potassa,  3  parts  of  strong  alcohol,  and  2  of  oil  of 
vitriol.  The  distilled  product  is  mixed  with  water,  to  separate  the 
alcohol,  digested  first  with  a  little  chalk,  and  afterwards  with  fused 
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chloride  of  calcium,  and,  lastly,  rectified.  The  pure  ether  is  an  ex- 
ceedingly fragrant  limpid  liquid;  it  has  a  density  of  0-890,  and 
boils  at  165°  (73°'8C).  Alkalis  decompose  it  in  the  usual  manner. 
When  treated  with  ammonia,  it  yields  acetamide,  a  crystalline  sub- 
stance soluble  in  water  and  alcohol,  which  contains  C^H.NO.  =  C  H 
Oj.NH^,  i.  e.,  acetate  of  ammonia — 2  equivalents  of  water!"  Its  forma- 
tion  is  analogous  to  that  of  oxamide.  Alkalis  and  acids  reconvert 
it  into  ammonia  and  acetic  acid.  When  treated  with  nitrous  acid, 
it  yields  acetic  acid,  water  and  nitrogen  gas,  C.H^NO„+NO,  =  C,H. 
03,HO+HO  +  2N.  3      4  3 

Formate  of  the  oxide  op  ethyl;  formic  ether;  AeOjC^ 
HO3. — A  mixture  of  7  parts  of  dry  formate  of  soda,  10  of  oil  of 
vitriol,  and  6  of  strong  alcohol,  is  to  be  subjected  to  distillation.  The 
fomic  ether,  separated  by  the  addition  of  water  to  the  distilled  pro- 
duct, is  agitated  with  a  little  magnesia,  and  left  several  days  in  con- 
tact with  chloride  of  calcium.  Formic  ether  is  colourless,  has  an 
aromatic  smell,  and  density  of  0-915,  and  boils  at  133°  (56°C).^ 
Water  dissolves  this  substance  to  a  small  extent. 

The  ethers  of  many  of  the  vegetable  acids  have  been  obtained  and 
described. 

The  ethers  of  cyanic  and  cyanuric  acids  have  been  formed  and 
studied.  The  description  of  these  remarkable  substances  and  of  their 
important  products  of  decomposition  is  postponed  until  the  history  of 
the  acids  themselves  has  been  given. 

Ethers  of  the  fatty  acids. — Normal  stearic  ether  has  not  yet 
been  obtained.  By  passing  hydrochloric  acid  gas  into  an  alcoholic 
solution  of  stearic  acid,  Redtenbacher  succeeded  in  obtaining  the  com- 
pound Ae0,H0,CggHgg05.  It  resembled  white  wax,  was  inodorous 
and  tasteless,  melted  at  86°  (30°C),  and  could  not  be  distilled  without 
decomposition.  It  was  readily  decomposed  by  boiling  with  caustic 
alkalis.  Margaric  ether  is  prepared  by  a  similar  mode  of  proceeding. 
When  purified  from  excess  of  acid  by  agitation  with  successive  small 
quantities  of  weak  spirit,  and  afterwards  made  to  crystallize  slowly 
from  the  same  menstruum,  it  forms  regular,  brilliant,  colourless 
crystals,  fusible  at  70°  (21°-1C),  and  distilling  without  decomposition; 
when  less  pure  it  is  in  great  part  destroyed  by  this  latter  process. 
Margaric  ether  contains  AeO,C34H3303.  An  oleic  ether,  and  corre- 
sponding compounds  of  several  other  less  impo}-tant  fatty  acids,  have 
been  formed  and  described.  They  greatly  resemble  each  other  in 
characta-s. 

Bdttric  and  valeric  ethers,  AeO,C3H703,  and  AeO,C,^Hg03. — 
The  ether-compounds  of  these  acids  are  easily  obtained  by  the  pre- 
ceding process.  They  are  fragrant  volatile  liquids,  having  an  odour 
resembling  that  of  the  rind  of  the  pine-apple.  They  are  used  for 
flavouring  brandy.  They  are  lighter  than  water,  boil  at  a  high  temper- 
ature, and  possess  the  constitution  and  general  character  of  the  class 
of  bodies  to  which  they  belong. 
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(Enanthic  ether.— The  aroma  possessed  hj  certain  wines  ap- 
pears due  to  the  presence  of  the  ether  of  a  peculiar  acid  called 
amanthic,  and  which  is  probably  generated  during  fermentation. 
When  such  wines  are  distilled  on  the  large  scale,  an  oily  liquid  passes 
over  towards  the  close  of  the  operation,  which  consists,  in  great 
measure,  of  the  crude  ether  ;  it  may  be  purified  by  agitation  with  so- 
lution of  carbonate  of  potassa,  freed  from  water  by  a  few  fragments  of 
chloride  of  calcium,  and  re-distilled.  (Enanthic  ether  is  a  thin, 
colourless  liquid,  having  a  powerful  and  almost  intoxicating  vinous 
odour-;  it  has  a  density  of  0-862,  boils  at  482°  (250°C),  and  is  but 
sparingly  soluble  in  water,  although,  like  the  compound  ethers  in 
general,  it  dissolves  with  facility  in  alcohol.  It  contains  Q^fi^^O^, 
or  AeO,C,i,H„03. 

A  hot  solution  of  caustic  potassa  instantly  decomposes  oenanthic 
ether ;  alcohol  distils  over,  and  cenanthate  of  potassa  remains  in  the 
retort;  the  latter  is  readily  decomposed  by  warm  dilute  sulphuric 
acid,  with  liberation  of  oenanthic  acid.  Purified  by  repeated  washing 
with  hot  water,  cenanthic  acid  presents  the  appearance  of  a  colourless 
inodorous  oil,  which  at  77°  (25°C)  becomes  a  soft  solid,  lilie  butter. 
It  reddens  litmus-paper,  and  dissolves  easily  in  solutions  of  the  alka- 
line carbonates  and  in  spirit,  and  very  much  resembles  the  fatty 
acids,  to  be  hereafter  described.  The  acid  thus  obtained  is  a  hydrate, 
composed  of  C,gH, -|- HO.  An  acid  of  exactly  the  same  composi- 
tion has  been  obtained  from  Pelargonium  roscum,  and  described  by 
the  name  of  pelargonic  acid.  It  is  likewise  produced,  together  with 
a  host  of  similar  acids,  by  the  action  of  nitric  acid  upon  oleic 
acid.  Oenanthic  ether  may  be  reproduced  by  distilling  a  mixture  of 
5  parts  sulphovinate  of  potassa,  and  1  part  hydrated  oenanthic  acid, 
or  perhaps  better,  by  the  ordinary  process  for  the  ethers  of  the  fatty 
acids. 

Chlokocarbonic  ether. — Although  the  constitution  of  this  sub- 
stance is  doubtful,  it  may  be  here  desci-ibed.  Absolute  alcohol  is  in- 
troduced into  a  glass  globe  containing  chlorocarbonic  acid  (phosgene 
gas,  see  p.  138)  ;  the  gas  is  absorbed  in  large  quantity,  and  a  yellowish 
liquid  produced,  from  which  water  sepai'ates  the  chlorocarbonic  ether. 
When  freed  from  water  by  chloride  of  calcium,  and  from  adhering 
acid  by  rectification  from  litharge,  it  forms  a  thin,  colourless,  neutral 
liquid,  which  burns  with  a  green  flame.  Its  density  is  1'133-  it 
boils  at  202°  (94°  •  5C).  The  vapour,  mixed  with  a  large  quantity  of 
air,  has  an  agreeable  odour,  but  when  nearly  pure  is  extremely  suf- 
focating. It  contains  CgH5C104=:C^H50,C2C103.  The  density  of 
the  vapour  is  3'82. 

The  action  of  ammonia,  gaseous  or  liquid,  upon  this  substance 
gives  rise  to  a  veiy  curious  product,  called  by  M.  Dumas  urethane  • 
sal-ammoniac  is  at  the  same  time  formed.  Urethane  is  a  white,  solid' 
crystallizable  body,  fusible  below  212°  (100°C),  and  distillint^  un- 
changed, when  in  a  dry  state,  at  about  356°  (ISO"^) ;  if  moTsture 
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be  present,  it  is  decomposed,  with  evolution  of  ammonia.  Water 
dissolves  this  substance  very  easily ;  the  solution  is  not  affected  by 
nitrate  of  silver,  and  yields,  by  spontaneous  evaporation,  large  and 
distinct  crystals.  It  contains  CgH^NO^,  or  the  elements  of  carbonic 
ether  and  urea, — whence  the  name. 


COMPOUND  ACIDS  CONTAINING  THE  ELEMENTS  OF  ETHER. 

SuLPHOViNic  ACID,  C^H50,2S03,HO,— Strong  rectified  spirit  of 
wine  is  mixed  with  twice  its  weight  of  concentrated  sulphuric  acid : 
the  mixture  is  heated  to  its  boiling-point,  and  then  left  to  cool.  When 
cold,  it  is  diluted  with  a  large  quantity  of  water,  and  neutralized  with 
chalk  :  much  sulphate  of  lime  is  produced.  The  mass  is  placed  upon 
a  cloth  filter,  drained,  and  pressed  ;  the  clear  solution  is  evaporated 
to  a  small  bulk  by  the  heat  of  a  water-bath,  filtered  from  a  little  sul- 
phate, and  left  to  crystallize :  the  product  is  sulphomnate  of  lime,  in 
beautiful  colourless,  transparent  crystals,  containing  CaO,C^HjO, 
2SO3+2HO.  They  dissolve  in  an  equal  weight  of  cold  water,  and 
effloresce  in  a  dry  atmosphere. 

A  similar  salt,  containing  baryta,  BaO,C4HjO,2S03-f  2H0,  equally 
soluble,  and  still  more  beautiful,  may  be  produced  by  substituting,  in 
the  above  process,  carbonate  of  baryta  for  chalk ;  from  this  substance 
the  hydrated  acid  may  be  procured  by  exactly  precipitating  the  base 
by  dilute  sulphuric  acid,  and  evaporating  the  filtered  solution,  in 
vacuo,  at  the  temperature  of  the  air.  It  forms  a  sour  syrupy  liquid, 
in  which  sulphuric  acid  cannot  be  recognised,  and  is  very  easily 
decomposed  by  heat,  and  even  by  long  exposure  in  the  vacuum  of  the 
air-pump.  All  the  sulphovinates  are  soluble  ;  the  solutions  are  de- 
composed by  ebullition.  The  lead-salt  resembles  the  baryta-com- 
pound. That  of  potassa,  easily  made  by  decomposmg  sulphovinate  of 
lime  by  carbonate  of  potassa,  is  anhydrous ;  it  is  permanent  in  the 
air,  very  soluble,  and  crystallizes  well. 

Sulphovinate  of  potassa,  distilled  with  concentrated  sulphuric  acid, 
gives  ether ;  with  dilute  sulphuric  acid,  alcohol ;  and  with  strong 
acetic  acid,  ac;etic  ether.  Heated  with  hydrate  of  lime  or  baryta,  the 
sulphovinates  yield  a  sulphate  of  the  base  and  alcohol. 

Phosphovinic  ACID,  C4HjO,P05,2HO. — This  acid  is  bibasic. 
The  baryta-salt  is  prepared  by  heating  to  180°  (82°-2C)  a  mixture  of 
equal  weights  of  strong  alcohol  and  syrupy  phosphoric  acid,  diluting 
this  niLxture,  after  the  lapse  of  24  hom-s,  with  water,  and  neutralizing 
by  carbonate  of  baryta.    The  solution  of  phosphovinate,  sepai-ated  by 
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filtration  from  the  insoluble  phosphate,  is  evaporated  at  a  moderate 
temperature.  The  salt  crystallizes  in  brilliant  hexagonal  plates,  which 
have  a  pearly  lustre,  and  are  more  soluble  in  cold  than  in  hot  water ; 
it  dissolves  in  15  parts  of  water  at  68°  (20°C).  The  crystals  contain 
2BaO,C4HjO,PO,;  +  12HO.  From  this  substance  the  hydrated  acid 
may  be  obtained  by  precipitating  the  baryta  by  dilute  sulphuric  acid, 
and  evaporating  the  filtered  liquid  in  the  vacuum  of  the  air-pump  ; 
it  forms  a  colourless,  syrupy  liquid,  of  intensely  sour  taste,  which 
sometimes  exhibits  appearances  of  crystallization.  It  is  very  soluble 
in  water,  alcohol,  and  ether,  and  easily  decomposed  by  heat  when  in 
a  concentrated  state.  The  phosphovinates  of  lime,  silver,  and  lead 
possess  but  little  solubility ;  those  of  the  alkalis,  magnesia,  and 
strontia  are  freely  soluble. 

Voegeli  has  lately  observed  that,  by  the  action  of  syrupy  phosphoric 
acid  upon  alcohol,  together  with  phosphoviuic  acid,  another  acid  is 
formed,  to  which  he  gives  the  name  phosphobiethylic  acid,  phosphovinic 
acid  being  designated  as  phosphethylic  acid.  The  baryta-  silver-  and 
lead-salts  of  this  acid  are  more  soluble  than  the  corresponding  phos- 
phovinates. The  lead-salt  and  lime-salt  are  anhydrous,  and  con- 
tain respectively  PbO,2C,H,50,P05  and  CaO,2C,H50,P05. 

The  former  of  these  salts  when  heated  to  a  temperature  of  between 
356°  and  374°  (180°  and  190°C),  yields  an  aromatic,  limpid  liquid, 
which  is  tribasic  phosphoric  ether,  3C4HjO,POg.  It  boils  at  288°  -5 
(142° -50).  Its  formation  is  represented  by  the  equation:  2(PbO, 
2C,H,0,P05)  =  3C,H30,PO,  +  2PbO,C,H,0,PO,,. 

OxALOViNic  ACID,  C4HjO,2C203,HO. — Oxalic  ether  is  dissolved 
in  anhydrous  alcohol,  and  enough  alcoholic  solution  of  caustic  potassa 
added  to  neutralize  one-half  of  the  oxalic  acid  present,  whereupon  the 
potassa-salt  of  the  new  acid  precipitates  in  the  form  of  crystalline 
scales,  insoluble  in  alcohol,  but  easily  dissolved  by  water.  The  free 
acid  is  obtained  as  a  sour  and  exceedingly  instable  liquid  by  the  addi- 
tion of  hydvofluosilicic  acid  to  a  solution  of  the  preceding  salt  in 
dilute  alcohol.    It  forms  with  baryta  a  very  soluble  salt. 

A  tartrovinic  acid  has  been  described,  and  many  other  compounds 
of  tlie  same  type  exist. 


Another  and  a  different  view  is  very  frequently  taken  -of  the 
substances  just  described,  and  of  many  analogous  compounds.  The 
sulphovinates,  phosphovinates,  &c.,  ai'e  supposed  to  possess  a  consti- 
tution resembling  that  of  ordinary  double  salts,  one  of  the  bases  being 
a  metallic  oxide,  and  the  second  ether.  Thus,  anhydrous  sulpho- 
vinate  of  baryta  is  written  BaCSO^-hC.HjCSOa,  or  double  sulphate 
of  baryta  and  ether;  hydrated  sulphovinic  acid  is  H0,S03-|-C  H  0, 
SO3,  or  bisulphate  of  ether.  There  are,  however,  grave  objections 
against  this  mode  of  viewing  the  subject :  in  every  true  double  salt 
the  characters  both  of  acid  and  bases  remain  unchanged ;  alum  gives 
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the  reactions  of  sulphuric  acid,  of  alumina,  and  of  potassa;  while  in 
sulphovinic  acid  or  sulphovinatc  not  a  trace  of  sulphuric  acid  can 
be  detected  by  any  method  short  of  actual  decomposition,  by  heat  or 
otherwise.  If  sulphoviuate  of  baryta  contain  sulphate  of  baryt;i  readv 
formed,  it  is  very  difficult  to  understand  how  that  salt  can  be  decom- 
posed by  an  addition  of  sulphuric  acid.  The  student  must,  however, 
bear  in  mind  that  all  views  of  the  constitution  of  complex  organic 
compounds  must,  of  necessity,  be  to  a  great  extent  hypothetical"  and 
liable  to  constant  alteration  with  the  progi-ess  of  science. 


Products  of  the  Decomposition  of  Sulphovinic  Acid  hy  Heat. 

A  solution  of  sulphovinic  acid,  or,  what  is  equivalent  to  it,  a  mix- 
ture, in  due  proportions,  of  oil  of  vitriol  and  strong  alcohol,  undergoes 
decomposition  when  heated,  yielding  products  which  differ  with^the 
temperature  to  which  the  liquid  is  subjected.  The  cause  of  the  de- 
composition is  to  be  traced  to  the  instability  of  the  compound  itself, 
to  the  basic  power  of  water,  and  the  attraction  of  sulphuric  acid  for 
the  latter,  in  virtue  of  which  it  determines  the  production  of  that 
substance,  and  liberates  the  elements  of  ether. 

When  the  sulphovinic  acid  is  so  far  diluted  as  to  boil  at  260° 
(126''-6C)  or  below,  or  when  a  temperature  not  exceeding  this  is  ap- 
plied to  a  stronger  solution  by  the  aid  of  a  liquid  bath,  the  com- 
pound acid  is  resolved  into  suljihuric  acid,  which  remains  behind  in 
the  retort  or  distillatory  vessel,  while  alcohol,  and  mere  traces  of 
ether,  are  volatilized. 

An  acid  whose  boiling-point  lies  between  260°  and  310°  (126°'6 
and  1,')4°'5C)  is  decomposed  by  ebullition  into  hydrated  sulphuric 
acid  and  ether,  which  is  accompanied  by  small  quantities  of  alcohol. 

Lastly,  when,  by  the  addition  of  a  large  quantity  of  oil  of  vitriol, 
the  boiling-point  of  the  mixture  is  made  to  rise  to  320°  (160°C)  and 
above,  the  production  of  ether  diminishes,  and  other  substances  begin 
to  make  their  appearance,  of  which  the  most  remarkable  is  olefiant 
gas.  The  mixture  iu  the  retort  blackens,  sulphurous  acid  and  car- 
bonic acid  are  disengaged,  a  yellow,  oily  aromatic  liquid  passes  over, 
and  a  coaly  residue  is  left,  which  contains  sulphur.  The  chief  and 
characteristic  product  is  olefiant  gas ;  the  others  may  be  considered 
the  result  of  secondary  actions.  The  three  modes  of  decomposition 
may  be  thus  contrasted : — 


Below  260°-CJ1.O,2SO3,HO-|-2HO  =  C^H50,HO-|-2(S03,HO) 
260°— 310°— CJi3O,2SO3,H0-|-  HO  =  C.H.O  -|-2(S03,HO) 
Above  y20°— C4H50,2S03,HO  =    C^H^  -\--2{S0.^,m') 
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The  ether-producing  temperature  is  thus  seen  to  be  circumscribed 
within  narrow  limits.  In  the  old  process,  however,  in  which  a  mix- 
ture of  equal  weights  of  alcohol  and  sulphuric  acid  is  subjected  to  dis- 
tillation, these  conditions  can  be  but  partially  complied  with.  At 
fii-st  the  temperature  of  the  mixture  is  too  low  to  yield  ether  in  any 
quantity,  and  towards  the  end  of  the  process,  long  before  all  the  sul- 
phovinic  acid  has  been  decomposed,  it  becomes  too  high,  so  tliat 
olefiant  gas  and  its  accompanying  products  appear  instead.  The 
remedy  to  this  inconvenience  consists  in  restraining  the  temperature 
of  ebullition  of  the  mixture  within  its  proper  bounds  by  the  introduc- 
tion of  a  constant  supply  of  alcohol,  to  combine  with  the  liberated 
sulphuric  acid,  and  reproduce  the  sulphovinic  acid  as  fast  as  it  becomes 
destroyed.  The  improved,  or  continuous  ether  process,  in  which  tlie 
same  acid  is  made  to  etherify  an  almost  indefinite  quantity  of  spirit, 
may  be  thus  elegantly  conducted  upon  a  small  scale. 

A  wide-necked  flask  is  fitted  with  a  sound  cork,  perforated  by  three 
apertures,  one  of  which  is  destined  to  receive  a  thermometer,  with  the 
graduation  on  the  stem ;  a  second,  the  vertical  portion  of  a  long  nai- 
row  tube,  terminating  in  an  orifice  of  about  ^  of  an  inch  in  diameter ; 
and  the  third,  a  wide  bent  tube,  connected  with  the  condense:',  to 
cany  oiF  the  volatilized  products.  A  mixture  is  made  of  8  parts  by 
weight  of  concentrated  sulphuric  acid,  and  5  parts  of  rectified  spirit 
of  wine,  of  about  0'834  sp.  gr.  This  is  introduced  into  the  flask,  and 
heated  by  a  lamp.  The  liquid  soon  boils,  and  the  thermometer  veiy 
shortly  indicates  a  temperature  of  300°  (149°C).  When  this  happens 
alcohol  of  the  above  density  is  suflered  slowly  to  enter  by  the  naiTOw 
tube,  which  is  put  into  comraimication  with  a  reservoir  of  that  liquid, 
consisting  of  a  large  bottle  perforated  by  a  hole  near  the  bottom,  and 
furnished  with  a  small  brass  stopcock,  fitted  by  a  cork  :  the  stop- 
cock is  secured  to  the  end  of  the  long  tube  by  a  caoutchouc  con- 
necter, tied,  as  usual,  with  silk  cord.  As  the  tube  passes  nearly 
to  the  bottom  of  the  flask,  the  alcohol  gets  thoroughly  mixed  with 
the  acid  liquid,  the  hydrostatic  pressure  of  the  fluid  column  being 
sufficient  to  insure  the  regularity  of  the  flow  :  the  quantity  is  easily 
adjusted  by  the  aid  of  the  stopcock.  For  condensation,  a  Liebig's 
condenser  may  be  used,  supplied  with  ice-water.  The  arrangement 
is  figured  on  the  following  page. 

The  intensity  of  the  heat,  and  the  supply  of  alcohol,  must  be  so 
adjusted  that  the  thei-mometer  may  remain  at  300°  (149°C),  or  as 
near  that  temperature  as  possible,  while  the  contents  of  the  flask  are 
maintained  in  a  state  of  rapid  and  violent  ebullition — a  point  of 
essential  inportance.  Ether  and  water  distil  over  together,  and  col- 
lect in  the  receiver,  fonming  two  distinct  strata ;  the  mixture  slowly 
blackens,  from  some  slight  secondary  action  of  the  acid  upon  the 
spirit,  or  upon  the  impurities  in  the  latter,  but  retains,  after  many 
hours'  ebullition,  its  etherifying  powers  unimpaired.  The  acid  how- 
ever, slowly  volatilizes,  partly  in  the  state  of  oil  of  wine,  and  the 
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quantity  of  liquid  in  the  flask  is  found,  after  the  lapse  of  a  consider- 
able interval,  sensibly  diminished.  This  loss  of  acid  constitutes  the 
only  limit  to  the  duration  of  the  process,  which  might  otherwise  be 
continued  indefinitely. 

On  the  large  scale,  the  flask  may  be  replaced  by  a  vessel  of  lead, 
the  tubes  being  also  of  the  same  metal ;  the  stem  of  the  thermometer 

*  Fig.  161.  Apparatus  for  the  preparation  of  ether,  a.  Flask  containing 
the  mixture  of  oil  of  vitriol  and  alcohol.  6.  Reservoir  with  stopcock,  for 
supplying  a  constant  stream  of  alcohol,  c.  Wide  bent  tube  connected  with 
the  condenser  for  conveying  away  the  vapours,  d.  The  thermometer  for  regu- 
lating the  temperature  of  the  boEing  liquid. 
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may  be  m<ade  to  pass  air-tight  through  the  cover,  and  heat  may,  per- 
haps, be  advantageously  applied  by  high-pressure  steam,  or  hot  oil, 
circulating  in  a  spii-al  of  metal  tube,  immersed  in  the  mixture  of  acid 
and  spirit. 

The  crude  ether  is  to  be  separated  from  the  water  on  which  it 
floats,  agitated  with  a  little  solution  of  caustic  potassa,  and  re-distilled 
by  the  heat  of  wai-m  water.  The  aqueous  portion,  treated  with  an 
alkaline  solution,  and  distilled,  yields  alcohol,  containing  a  little  ether. 
Sometimes  the  spontaneous  separation  before  mentioned  does  not 
occm-,  from  the  accidental  presence  of  a  larger  quantity  than  usual  of 
undecomposed  alcohol ;  the  addition  of  a  little  water,  however, 
always  suffices  to  determine  it. 

We  shall  once  more  retiu'n  to  the  formation  of  ether,  when  we 
discuss  the  methyl-compounds. 

Heavy  oil  of  wine. — When  a  mixture  of  2 J  parts  of  concen- 
trated sulphuric  acid,  and  1  part  of  rectified  spirit  of  wine,  of  0'833 
sp.  gr.,  is  subjected  to  distillation,  a  little  ether  comes  over,  but  is 
quickly  succeeded  by  a  yellowish,  oily  liquid,  which  may  be  freed 
from  sulphurous  acid  by  agitation  with  water,  and  from  ether  and 
undecomposed  alcohol  by  exposure  in  the  vacuum  of  the  air-pump, 
beside  two  open  capsules,  the  one  containing  hydrate  of  potassa,  and 
the  other  concentrated  sulphuric  acid.  This  substance  may  be  pre- 
pared in  larger  quantity  by  the  destnictive  distillation  of  dry  sulpho- 
vinate  of  lime ;  alcohol,  oil  of  wine,  and  a  small  quantity  of  an  ex- 
ceedingly volatile  liquid,  yet  imperfectly  examined,  are  produced. 
Pure  oil  of  wine  is  colourless,  or  greenish,  of  oily  consistence,  and 
heavier  than  water ;  it  has  an  aromatic  taste,  and  an  odour  resem- 
bhng  that  of  peppermint.  Its  boiling-point  is  tolerably  high.  It  is 
soluble  in  alcohol  and  ether,  but  scarcely  so  in  water.  By  analysis 
it  is  found  to  contain  CgHgOjSSOj,  or  perhaps  0^11^,803 -fC^HjO, 
SO3  ;  that  is,  neutral  sulphate  of  ether,  in  combination  with  the 
sulphate  of  a  hydro-carbon,  etherole. 

In  contact  with  boiling  water,  oil  of  wine  is  resolved  into  sulpho- 
vinic  acid,  and  a  volatile  liquid,  known  by  the  name  of  light,  or  sweet 
oil  of  wine;  with  an  alkaline  solution  this  effect  is  produced  with 
even  greater  facility.  Light  oil  of  wine,  left  in  a  cool  place  for  several 
days,  deposits  crystals  of  a  white  solid  matter,  which  is  tasteless,  and 
has  but  little  odour  ;  it  is  called  etherin.  The  fluid  residual  portion 
is  yellowish,  oily,  and  lighter  than  water  ;  it  has  a  high  boiling-point, 
solidifies  at  a  very  low  temperature,  and  is  freely  soluble  in  alcohol 
and  ether ;  it  bears  the  name  of  etherole.  Both  etherole  and  etherin 
have  the  same  composition,  namely  C^H^,  and  are  consequently  iso- 
meric with  olefiant  gas. 

Olefiant  gas  ;  ethylene. — This  substance  may  also  be  advan- 
tageously prepared  on  the  principle  described,  by  restraining  the 
temperature  within  certain  bounds,  and  preventing  the  charring  and 
destruction  of  the  alcohol,  which  always  occurs  in  the  old  process, 
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and  which,  at  the  same  time,  leads  to  the  production  of  sulphurous 
and  carbonic  acids,  which  contaminate  the  gas. 

If  the  vapoui-  of  alcohol  be  passed  into  somewhat  diluted  sulphuric 
acid,  maintained  at  a  boiling-heat,  it  is  absorbed  with  production  of 


sulphovinic  acid,  which  is  shortly  afterwards  decomposed  into  water 
and  olefiant  gas.  The  process  is  thus  conducted : — A  wide-necked 
flask,  containing  rectified  spirit  of  wine,  is  fitted  with  a  cork,  through 
which  pass  an  ordinaiy  safety-tube,  with  a  little  water,  and  the  bent 
glass  tube,  intended  to  convey  the  vapour  of  the  spirit  into  the  acid. 
The  latter  must  be  of  such  strength  as  to  have  a  boiling-point  between 
320°  and  330°  (160°  and  165°-5C)  ;  it  is  prepared  by  diluting  strong 
oil  of  vitriol  with  rather  less  than  half  its  weight  of  water.  The  acid 
is  placed  in  a  second  and  larger  flask,  also  closed  by  a  cork,  into 
which  are  inserted  two  tubes  and  a  thermometer.  The  first  is  a 
piece  of  straight  tube,  wide  enough  to  allow  the  tube  conveying  the 
alcohol-vapour  to  pass  freely  down  it,  and  dipping  a  little  way  into 
the  acid ;  the  second  is  a  narrow  bent  tube,  the  extremity  of  which 
is  immersed  in  the  water  of  the  pneumatic  trough.  Both  flasks  are 
heated ;  and  as  soon  as  it  is  seen  that  the  acid  is  in  a  state  of  tranquil 
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ebullition,  while  the  thermometer  marks  the  temperature  above  men- 
tioned, the  spirit  is  made  to  boil,  and  its  vapour  carried  into  the  acid, 
which  very  soon  begins  to  evolve  defiant  gas  and  vapour  of  water, 
accompanied  by  a  little  ether  and  oil  of  wine,  but  no  sulphurous  acid. 
The  acid  liquid  does  not  blacken,  and  the  experiment  may  be  carried 
on  as  long  as  may  be  desired.  This  is  a  very  elegant  and  instructive, 
although  somewhat  troublesome,  method  of  preparing  the  gas.  The 
essential  parts  of  the  apparatus  are  shown  in  fig.  162. 

Chloride  of  olefiant  gas  ;  Dotch-liquid. — It  has  long  been 
known  that  when  equal  measures  of  olefiant  gas  and  chlorine  are 
mixed  over  water,  absorption  of  the  mixture  takes  place,  and  a  yel- 
lowish oily  liquid  is  produced,  which  collects  upon  the  surface  of  the 
water,  and  ultimately  sinks  to  the  bottom 
in  drops.    It  may  be  easily  prepared,  in 
quantity,  by  causing  the  two  gases  to 
combine  in  a  glass  globe,  having  a  narrow 
neck  at  the  lower  jiart,  dipping  into  a 
small  bottle,  destined  to  receive  the  pro- 
duct.    The  two  gases  are  conveyed  by 
separate  tubes,  and  allowed  to  mix  in  the 
globe,  the  olefiant  gas  being  kept  a  little 
in  excess.    The  chlorine  should  be  washed 
with  water,  and  the  olefiant  gas  p;issed 
through  strong  oil  of  vitriol,  to  remove  va- 
pour of  ether  :  the  presence  of  sulphurous 
and  carbonic  acids  is  not  injurious.  Com- 
bination takes  place  very  rapidly,  and  the 
liquid  product  trickles  down  the  sides  of 
the  globe  into  the  receiver.    When  a  con- 
siderable quantity  has  been  collected,  it  is 
agitated  first  with  water,  and  afterwards 
with  concentrated  sulphuric  acid;  it  is, 
lastly,  purified  byre-distillation.  If  impure 
olefiant  gas  be  employed,  the  crude  product 
contains  a  large  qmmtity  of  a  substance 
called   by  M.  Regnault  chloro-sulplmric 
acid,  SOjCl,  which,  on  contact  with  water, 

is  converted,  by  the  decomposition  of  the  latter,  into  sulphuric  and 
hydrochloric  acids.  ^ 

Pure  Dutch-liquid  is  a  thin,  colourless  liquid,  of  agreeably  frasrant 
odour  and  sweet  taste ;  it  is  slightly  soluble  ia  water,  and  readily  so 
Z  1800  r  «9°  s'A  "V  .  J-^^if  •  tl-n  water,  and  boils  when  helted 
S  nnH  ^  W?'  «  ""f '^.'^tf  o'l  Of  vitriol  and  solid  hydrate 
of  potassa.  When  inflamed  it  burns  with  a  greenish,  smoky  light. 
I  his  substance  yields,  by  analysis,  CiH^Cl^.  ^ 

When  Dutch-liquid  is  treated  with  au  llcoholic  solution  of  caustic 
potassa,  It  IS  slowly  resolved  into  chloride  of  potassium,  wMch  sept 
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rates,  and  into  a  new  and  exceedingly  volatile  substance,  containing 
C^HjCl,  whose  vapour  requires  to  be  cooled  down  to  0°  (— 17°-7C) 
before  it  condenses.  At  this  temperature  it  forms  a  limpid,  colourless 
liquid.  Chlorine  is  absorbed  by  this  substance,  and  a  compound 
produced,  which  contains  C4H3CI3  ;  this  is  in  turn  decoiTiposed  by  an 
alcoholic  solution  of  hydrate  of  potassa  into  chloride  of  potassium  and 
a  new  volatile  liquid,  C^HjClj. 

Bromide  and  iodidr  of  olefiant  gas,  C^H^Bro  and  C^B-^l^. — 
These  compounds  correspond  to  Dutch-liquid ;  they  are  produced  by 
bringing  olefiant  gas  in  contact  with  bromine  and  iodine.  The 
bromide  is  a  colourless  liquid,  of  agreeable  ethereal  odour,  and  has  a 
density  of  2-16  ;  it  boils  at  265^  (1290-5C),  and  solidifies,  when 
cooled,  to  near  0°  (  —  17°  '7C).  The  iodide  is  a  colourless,  ciystalline, 
volatile  substance,  of  penetrating  odour  ;  it  melts  at  174°  (78°*8C), 
resists  the  action  of  sulphuric  acid,  but  is  decomposed  by  caustic 
potassa. 

Products  of  the  action  of  chlorine  on  Dutch-liquid; 
chlorides  of  carbon. — Dutch-liquid  readily  absorbs  chlorine  gas, 
and  yields  several  new  compounds,  produced  by  the  abstraction  of 
successive  portions  of  hydrogen,  and  its  replacement  or  substitution 
by  equivalent  quantities  of  chlorine.  This  regular  substitution  of 
chlorine,  bromine,  iodine,  &c.,  in  place  of  hydrogen,  as  before  stated, 
is  a  phenomenon  of  constant  occurrence  in  reactions  between  these 
bodies  and  very  many  organic  compounds.  In  the  present  case  four 
such  steps  may  be  traced,  giving  rise,  in  each  instance,  to  hydrochloric 
acid  and  a  new  substance.  Three  out  of  the  four  new  products  are 
volatile  liquids,  containing  respectively,  C^HgClgjC^H^Clj  and  C4HCI5  ; 
the  fourth  C^Clg  in  which  the  substitution  of  chlorine  for  hydrogen  is 
complete,  is  the  chloride  of  carbon,  long  ago  obtained  by  Mr.  Faraday 
by  putting  Dutch-liquid  into  a  vessel  of  chlorine  gas,  and  exposing 
the  whole  to  the  influence  of  light. 

Sesqnichloride  or  Perchloride  of  Carbon,  C^CIg,  is  a  white,  solid 
ciystallhie  substance,  of  aromatic  odour,  insoluble  in  water,  but  easily 
dissolved  by  alcohol  and  ether;  it  melts  at  320"  (160°C),  and  boils 
at  a  temperature  a  little  above.  It  bums  with  difficulty,  and  is 
unaffected  by  both  acids  and  alkalis.    It  is  prepared  as  above  stated. 

Protochloride  of  Carbon,  C4CI4.— When  the  vapour  of  the  preceding 
substance  is  transmitted  through  a  red-hot  porcelain  tube  filled  with 
fragments  of  glass  or  rock-crystal,  it  is  decomposed  into  free  chlorine, 
and  a  second  chloride  of  carbon,  which  condenses  in  the  fomi  of  a 
volatile,  colourless  liquid,  which  has  a  density  of  1-55,  and  boils  at 
248°  (120°C).  The  density  of  its  vapour  is  5'82.  It  r^embles  in 
chemical  relations  the  perchloride. 

Subchloride  of  Carbon,  Cfil^,  is  produced  when  the  protochloride 
is  passed  many  successive  times  through  an  ignited  porcelain  tube; 
it  is  a  white,  volatile,  silky  substance,  soluble  in  ether. 

Bichloride  of  Carbon,  CjCl^.— A  fourth  chloride  of  cai-bon  is  known 
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and  will  be  described  here,  although  it  is  not  derived  from  the  alcohol 
group.  It  is  foiTiied  by  passing^he  vapour  of  bisulphide  of  carbon, 
together  with  chlorine,  through  a  red-hot  porcelain-tube.  A  mixture  of 
chloride  of  sulphur  and  bichloride  of  carbon  is  formed,  which  is  distilled 
with  potassa,  when  the  chloride  of  sulphur  is  decomposed,  and  pure 
bichloride  passes  over.  It  is  a  colourless  liquid  of  1*56  sp.  gr.,  and 
boils  at  170°-6  (77°C).  An  alcoholic  solution  of  potassa  converts  this 
compound  into  a  mixture  of  chloride  of  potassium  and  carbonate  of 
potassa.  The  same  compound  is  formed  by  exhausting  the  action  of 
chlorine  upon  marsh-gas  and  chloride  of  methyl  in  the  sunshine. 

Combustible  platinum-salts  of  Zeise. — A  solution  of  bichloride 
of  platinum  in  alcohol  is  mixed  with  a  little  chloride  of  potassium 
dissolved  in  hydrochloric  acid,  and  the  whole  digested  some  hours  at 
a  high  temperature.  The  alcohol  is  distilled  oft",  the  acid  residue  neu- 
tralized by  carbonate  of  potassa,  and  left  to  crystallize.  The  distilled 
liquid  contains  hydrochloric  ether  and  aldehyde.  The  platinum-salt 
forms  yellow,  transparent,  prismatic  crystals,  which  become  opaque  on 
heating  from  loss  of  water  :  when  introduced  into  the  fl.ame  of  a  spirit- 
lamp,  the  salt  burns  vividly,  leaving  metallic  platinum.  It  is  soluble 
in  5  parts  of  warm  water.  When  dried  at  212°  (100°C),  this  sub- 
stance contains  Pt^Cl^C^H^-l-KCl.  Corresponding  compounds,  con- 
taining Pt2Cl,,C^H^-flNaCl,  and  Pt2Cl2,C^H^-|-NH4Cl,  arc  known 
to  exist. 

The  chloride  of  potassium  can  be  separated  from  the  above  com- 
pound by  the  cautious  addition  of  bichloride  of  platinum  :  the  filtered 
solution  yields  by  evaporation  in  vacuo  a  yellow,  gummy,  acid  mass. 
The  solution  is  slowly  decomposed  in  the  cold,  and  rapidly  at  a  boiling 
heat,  with  separation  of  a  black  precipitate.  These  compounds  are  ot 
uncertain  constitution. 


products  of  the  action  of  anhydrous  sulphuric  acid  on 
alcohol  and  olepiant  gas. 

When  absolute  alcohol  is  made  to  absorb  the  vapour  of  anhydrous 
sulphuric  acid,  a  white,  crystalline,  solid  substance  is  produced,  fusible 
at  a  gentle  heat,  which,  when  purified  from  adhering  acid,  is  found  to 
consist  of  carbon,  hydrogen,  and  the  elements  of  sulphuric  acid,  in  the 
relation  of  the  equivalent  numbers,  or  probably,  0^114,4803.  To  this 
substance  Magnus  applies  the  name  sulphate  of  carbyl.'  A  body 
very  similar  in  appearance  and  properties,  and  probably  identical  with 
this,  had  previously  been  produced  by  M.  Regnault,  by  passing  pure 
and  dry  olefiant  gas  over  anhydrous  sulphuric  acid  contained  in  a  bent 
tube. 
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Wlien  the  crystals  of  sulphate  of  carbyl  are  dissolved  in  alcohol, 
water  added,  the  whole  ueuti-alized  hy  carbonate  of  baryta,  and  the 
filtered  solution  concentrated  by  very  gentle  heat  to  a  small  bullc,  and 
then  mixed  with  a  quantity  of  alcohol,  a  precipitate  falls,  which  con- 
sists of  baryta,  in  combination  with  a  peculiar  acid  closely  resembling 
the  sulphoviuic,  but  yet  differing  in  many  important  particulars.  By 
the  cautious  addition  of  dilute  sulphuric  acid,  the  base  may  be  with- 
drawn, and  the  hydrate  of  the  new  acid  left  in  solution  •  it  beare 
the  name  of  ethionic  acid,  and  contains  CjH50,4S03-j-2H0.  The 
ethionates  differ  completely  from  the  sulphoviuates  ;  all  are  soluble  in 
water,  and  appear  to  be  anhydrous.  Those  of  lime,  bai-yta,  and  oxide 
of  lead  refuse  to  crystallize ;  the  ethionates  of  potassa,  soda,  and  am- 
monia, on  the  contrary,  may  readily  be  obtained  in  good  crystals. 

When  a  solution  of  ethionic  acid  is  boiled,  it  is  decomposed  into 
sulphuric  acid,  and  a  second  new  acid,  the  isethionic,  isomeric  with 
sulphovinic  acid.  The  isethionic  acid  and  its  salts  are  very  stable : 
their  solutions  may  be  boiled  without  decomposition.  The  isetliio- 
nates  of  baryta,  lead,  copper,  potassa,  soda,  arid  ammonia  crystallize 
with  facility,  and  cannot  be  confounded  with  the  sulphovinates.  The 
hydrated  acid  contains  €41150,2803-1- HO. 

The  action  of  aiihydi'ous  sulphuric  acid  on  ether,  as  has  been  already 
mentioned,  gives  rLse  to  the  formation  of  neutral  suljjhate  of  ethyl 
(see  page  427).  Together  with  this  substance  sulphuric  acid  and 
several  other  acids  methionic  and  althionic  are  obtained,  which  are 
not  yet  sufficiently  studied. 


PRODUCTS  OF  THE  ACTION  OF  CHLORINE  ON  ALCOHOL,  ETHER, 
AND  ITS  COMPOUNDS. 

Chloral.— Perfectly  dry  chlorine  is  passed  into  anhydrous  alcohol 
to  saturation ;  the  gas  is  absorbed  in  large  quantity,  and  hydrochloiic 
acid  abundantly  produced.  Towards  the  end  of  the  process  the  re- 
action must  be  aided  by  heat.  When  no  more  hydrochloric  acid  ap- 
pears, the  current  of  chlorine  is  interrupted,  and  the  product  agitated 
with  three  times  its  volume  of  concentrated  sulphuric  acid.  On  gently 
warming  this  mixture  in  a  water-bath,  the  impure  chloral  separates  as 
an  oily  liquid,  which  floats  on  the  surface  of  the  acid;  it  is  purified  by 
distillation  from  fresh  oil  of  vitriol,  and  afterwards  from  a  small  quan- 
tity of  quicli-lime,  which  must  be  kept  completely  covered  by_  tlie 
liquid,  until  the  end  of  the  operation.  Chloral  has  been  obtamed  from 
starch,  by  distillation  vnih.  hydi-ochloric  acid  and  binoxide  ot  man- 
ganese. 

Chloral  is  a  thin,  oily,  colourless  liquid,  of  peculiar  and  penetrating 
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odour,  which  excites  tears  ;  it  has  but  little  taste.  When  dropped 
upon  paper  it  leaves  a  greasy  stain,  which  is  not,  however,  permanent. 
It  has  a  density  of  1-502,  and  boils  at  201° -2  (94°C).  Chloral  is 
freely  soluble  in  water,  alcohol,  iuid  ether;  it  forms,  with  a  small 
quantity  of  water,  a  solid,  crystalline  hydrate;  the  solution  is  not 
affected  by  nitrate  of  silver.  Caustic  baryta  and  lime  decompose  the 
vapour  of  chloral  when  heated  in  it  with  appearance  of  ignition  ;  the 
oxide  is  converted  into  chloride,  carbon  is  deposited,  and  carbonic  oxide 
set  free.  Solutions  of  caustic  alkalis  also  decompose  it,  with  produc- 
tion of  a  formate  of  the  base,  and  a  new  volatile  liquid,  chloroform. 
Chloral  contains  C^HClgOj. 

When  chloral  is  preserved  for  any  length  of  time,  even  in  a  vessel 
hermetically  sealed,  it  undergoes  a  very  extraordinary  change,  it  be- 
comes converted  into  a  solid,  white,  translucent  substance,  insoluble 
chloral,  possessing  exactly  the  same  composition  as  the  liquid  itself. 
The  new  product  is  but  very  slightly  soluble  in  water,  alcohol,  or 
ether;  when  exposed  to  heat,  alone  or  in  contact  with  oil  of  vitriol, 
it  is  reconverted  into  ordinary  chloral.  Solution  of  caustic  potassa  re- 
solves it  into  formic  acid  and  chloroform.  Bromine  acts  upon  alcohol 
in  the  same  manner  as  chlorine,  and  gives  rise  to  a  product  very 
similar  in  properties  to  the  foregoing,  called  hromal,  which  contains 
C^HBrgOj.  It  foi-ms  a  crystallizable  hydrate  with  water,  and  is  de- 
composed by  strong  alkaline  solutions  into  formic  acid  and  bromoform. 
A  corresponding  iodine-compound  probably  exists. 

Chlorine  acts  in  a  different  manner  upon  alcohol  which  contains 
water :  when  very  dilute,  the  principal  products  are  hydrochloi'ic  acid 
and  aldehyde,  the  change  being  one  of  oxidation  at  the  expense  of  the 
water.  With  strong  spirit  the  reaction  is  more  complex,  one  of  its 
products  being  a  volatile,  oily,  colourless  liquid,  of  uncertain  composi- 
tion, long  known  under  the  name  of  heavy  muriatic  ether. 

The  mode  of  action  of  dry  chlorine  on  pure  ether  confonns  strictly 
to  the  law  of  substitution  before  mentioned  ;  the  carbon  remains  in- 
tact, while  a  portion  or  the  whole  of  the  hydrogen  is  removed,  and  its 
place  supplied  by  an  equivalent  quantity  of  chlorine.  Ether  exposed 
to  a  cm-rent  of  the  dry  gas  for  a  considerable  period,  the  tempera- 
ture being  at  first  artificially  reduced,  yields  a  heavy  oily  product, 
having  the  odour  of  fennel.  This  is  found  by  analysis  to  contain 
C^HgCijO,  or  ether,  in  which  2  eq.  of  chlorine  have  been  substituted 
for  2  eq.  of  hydrogen.  It  may  be  termed  bichlorinetted  ether.  By  the 
farther  action  of  chlorine,  aided  by  sunlight,  the  remaining  hydrogen 
is  removed,  and  a  white  crystalline  solid  substauce,  closely  resembling 
sesquichloride  of  carbon  produced.  This  is  composed  of  C^CLO ;  it  is 
called  pentachlorinetted  ether.  In  a  substance  called  cloretheral 
C^H^CIO,  accidentally  formed  by  M.  d'Arcet,  in  the  preparation  of 
Dutch-liquid,  from  the  ether-vapour  mixed  with  the  olefiant  gas,  we 
have  evidently  the  first  member  of  this  series.  ' 

With  the  compound  ethers,  the  same  remarkable,  law  is  usually  fol- 
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lowed.  The  change  is,  however,  often  complicated  by  the  appearance 
of  secoudaiy  products.  Thus,  clilorinetted  acetic  ether,  a  dense,  oily 
liquid,  very  diffei'ent  from  common  acetic  ether,  was  found  to  contain 
CgHgCl204,  being  a  substitution-product  of  CgHgO^  =  0^1150,0411303; 
and  chlorinetted  formic  ether,  CgH^CljO^,  is  formed,  in  like  manner, 
by  the  substitution  of  2  eq.  chlorine  for  2  eq.  hydrogen  in  ordinary 
formic  ether,  Cgilfi^  =  C^H.fi,G^B.Oy  A  most  remarkable  and  in- 
teresting set  of  compounds,  due  to  substitution  of  this  kind,  are  formed 
by  the  action  of  chlorine  on  chloride  of  ethyl,  or  light  hydrochloric 
ether.  When  the  vapour  of  this  substance  is  bi-ought  into  contact 
with  chlorine  gas,  the  two  bodies  combine  to  a  colourless  oily  liquid, 
very  like  Dutch-liquid,  but  yet  differing  from  it  in  several  important 
points ;  it  has,  however,  precisely  the  same  composition,  and  its 
vapour  has  the  same  density.  By  the  prolonged  action  of  chlorine 
tliree  other  compounds  are  successively  obtained,  each  poorer  in 
hydrogen  and  richer  in  chlorine  than  the  preceding,  the  ultimate  pro- 
duct being  the  well-known  sesquichloride  of  cai-bon  of  Mr.  Faraday. 

Hydrochloric  ether      ....  C^HjCl 

Monochlorinetted  hydrochloric  ether  C^H^Clj 

Bichlorinetted  „  ,,    .  C4H3OI3 

Trichlorinetted  „  „  CJi^Cl^ 

Quadrichlorinetted        „  „       .  C^H  Clj 

Sesquichloride  of  carbon         .       .  Clg 


DERIVATIVES  OP  ALCOHOL  CONTAINING  SULPHOR. 

Mercaptan. — A  solution  of  caustic  potassa,  of  1'28  or  1'3  sp.  gi-., 
is  saturated  with  sulphuretted  hydrogen,  and  mixed  in  a  retort  with 
an  equal  volume  of  solution  of  sulphovinate  of  lime  of  the  same  den- 
sity. The  retort  is  connected  with  a  good  condenser,  and  heat  is 
applied  by  means  of  a  bath  of  salt  and  water.  Mercaptan  and  water 
distil  over  together,  and  are  easily  separated  by  a  fumiel.  The  pro- 
duct thus  obtained  is  a  colourless,  limpid  liquid,  of  sp.  gr.  0-842,  but 
slightly  soluble  in  water,  easily  miscible,  on  the  contraiy,  with 
alcohol.  It  boils  at  97°  (36°C).  The  vapour  of  mercaptan  has  a 
most  intolerable  odour  of  onions,  which  adheres  to  the  clothes  and 
person  with  great  obstinacy ;  it  is  very  inflammable,  and  burns  with 
a  blue  flame.  Mercaptan  contains  04HgS2=  0^1158,118  ;  or  alcohol, 
having  sulphur  in  the  place  of  oxygen. 

When  brought  into  contact  with  red  oxide  of  mercury,  even  m 
the  cold,  violent  reaction  ensues,*  water  is  formed,  and  a  white  sub- 
stance is  produced,  soluble  in  alcohol,  and  separating  from  that  liquid 
in  distinct  crystals,  which  contain  C4H5S,HgS.    This  compound  is 


*  Whence  the  name,  mercurium  captans. 
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decomposed  by  sulphuretted  hydrogen,  sulphide  of  mercury  being 
thrown  down,  and  mercaptan  reproduced.  By  adding  solutions  of 
the  oxides  of  lead,  copper,  silver,  and  gold,  to  an  alcoholic  solution  of 
mercaptan,  corresponding  compounds  containing  those  metals  are 
formed.  Caustic  potassa  produces  no  effect  upon  mercaptan,  but  po- 
tassium displaces  hydrogen,  and  gives  rise  to  a  crystallizable  com- 
pound soluble  in  water. 

Xanthic  acid. — The  elements  of  ether  and  those  of  bisulpliide  of 
carbon  combine  in  presence  of  an  alkali  to  a  very  extraordinaiy 
substance,  possessing  the  properties  of  an  oxygen-acid,  to  which  the 
name  xantkic  is  applied,  on  account  of  the  yellow  colom*  of  one  of  its 
most  permanent  and  characteristic  salts,  that  of  oxide  of  copper. 

Alcohol  of  0  •  800  sp.  gr.  is  saturated,  whilst  boiling,  with  potassa,  and 
into  this  solution  bisulphide  of  carbon  is  dropped  until  it  ceases  to  be 
dissolved,  or  until  the  liquid  loses  its  alkalinity.  The  whole  is  then 
cooled  to  0^  ( — 17°'8C),  when  the  potassa-salt  separates  in  the  form  of 
brilliant,  slender,  colourless  prisms,  which  must  be  quickly  pressed 
between  folds  of  bibulous  paper,  and  dried  in  vacuo.  It  is  freely  soluble 
in  water  and  alcohol,  but  insoluble  in  ether,  and  is  gradually  destroyed 
by  exposure  to  air  by  oxidation  of  a  part  of  the  sulphur.  Hydrated 
xanthic  acid  may  be  prepared  by  decomposing  the  foregoing  com- 
pound by  dilute  sulphuric  or  hydrochloric  acid.  It  is  a  colourless, 
oily  liquid,  heavier  than  water,  of  powerful  and  peculiar  odour,  and 
very  combustible ;  it  reddens  litmus-paper,  and  ultimately  bleaches  it. 
Exposed  to  gentle  heat,  it  is  decomposed  into  alcohol  and  bisulphide 
of  carbon  ;  this  happens  at  a  temperature  of  75°  (23°*8C).  Exposed 
to  the  air,  or  kept  beneath  the  surface  of  water  open  to  the  atmo- 
sphere, it  becomes  covered  with  a  whitish  crust,  and  is  gradually  de- 
stroyed. The  xanthates  of  the  alkalis  and  of  baryta  are  colourless 
and  crystallizable  ;  the  lime-salt  dries  up  to  a  gummy  mass ;  the  xan- 
thates of  the  oxides  of  zinc,  lead,  and  mercury  are  white,  and  but  feebly 
soluble,  that  of  copper  is  a  flocculent,  insoluble  substance,  of  beautifiil 
yellow  colour-. 

Hydrated  xanthic  acid  contains  CgH^S^CHO ;  or  C^HsO,C2S^,HO. 
In  the  salts  this  water  is  replaced  by  one  equivalent  of  a  metallic 
oxide. 


DERIVATIVES  OF  ALCOHOL  CONTAINING  METALS. 

Zinc-ethyl.— In  heating  iodide  of  ethyl  with  zinc  in  sealed  glass- 
tubes  (see  compound  ethers  ;  ethyl-theory,  p.  424),  a  white  substance 
remains  in  the  tube,  which  is  a  mixture  of  iodide  of  zinc  and  a  pe- 
culiar volatile  compound,  to  which  Dr.  Frankland  has  given  the  name 
zinc-ethyl.  It  may  be  separated  from  the  residue  by  distilling  it  in 
a  current  of  hydrogen,  when  it  is  obtained  m  the  form  of  a  liqufd  of  a 
disagreeable  odour,  which  contains  C4H5Zn.    In  contact  with  atmo- 
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spheric  air  it  is  rapidly  oxidized.  When  mixed  with  water,  this  com- 
pound is  decomposed  with  evolution  of  a  carbonetted  hydrogen,  having 
the  formula  C^Hg  =  C^H-,H,  which  may  be  viewed  as  the  hydride  of 
ethyl. 

SxAiraETHYL. — A  series  of  substances  have  been  lately  described 
by  Frankland  and  by  Loewig,  which  contain  the  elements  of  ethyl, 
associated  with  the  metal  tin.  Iodide  of  ethyl,  when  submitted  in 
sealed  tubes  to  the  action  of  metallic  tin  at  a  temperature  of  302°  — 
320°  (1 50°  -  160°C),  iodide  of  stannethyl,  C^H^Snl,  is  obtiiined  in  the 
form  of  yellow  crystals,  which  fuse  at  107°'6  (42°C)  and  sublime  at 
464°  (240°C).  They  are  easily  soluble  in  alcohol  and  ether,  but  diffi- 
cultly soluble  in  water.  The  iodine  of  this  compound  may  be  readily 
separated  by  the  action  of  metals,  such  as  potassium  and  zinc,  when  a 
metallic  iodide  is  formed,  stannethyl  C^HjSn,  being  liberated  in  the 
form  of  a  dense,  oily  liquid,  having  a  sp.  gr.  of  1"55,  Exposed  to  the 
action  of  the  atmosphere,  stannethyl  absorbs  oxygen,  and  is  converted 
into  oxide  of  stannethyl  C^HjSnO,  which  is  an  inodorous  and  tasteless 
powder  of  a  whitish  colour.  This  substance  combines  with  most  acids, 
giving  rise  to  a  series  of  well-crystallizable  salts,  which  are  soluble  in 
water  and  alcohol,  but  dissolve  only  with  difficulty  in  ether.  As  yet 
the  following  terms  of  this  series  have  been  analysed  :— 

Stannethyl  C4H5Sn 

Oxide  of  stannethyl        .       .  .  C^HjSnO 

Chloride  of  stannethyl        .       .       C^H^SnCl  (Frankland) 

Bromide  of  stannethyl    .       .  .  C^H^SnBr 

Iodide  of  stannethyl    .        .        .  C^H^Snl 

Nitrate  of  stannethyl     .       .  .  C4HgSnO,N05 

Several  other  analogous  substances  have  been  discovered  by  Loewig : 
the  action  of  an  alloy  of  six  parts  of  tin  with  one  part  of  sodium  on 
iodide  of  ethyl,  at  the  common  temperature,  gives  rise  to  the  formation 
of  a  series  of  compounds,  which  may  be  extracted  from  the  residue 
by  means  of  ether,  but  which  are  difficult  to  separate.  This  mix- 
ture is  left  behind,  on  evaporating  the  ether,  in  the  fonn  of  a  thick, 
oily  liquid,  emitting  dense  fumes  in  contact  with  the  air.  It  absorbs 
oxygen  from  the  atmosphere,  and  becomes  converted  into  a  mixture  of 
oxides,  of  which  oxide  of  stannethyl  constitutes  the  chief  part.  They 
are  partly  soluble  in  water  and  alcohol,  and  partly  insoluble,  and  can, 
by  means  of  these  solvents,  be  separated  to  a  certain  extent.  They 
form  crystal! izable  salts  with  the  acids.  Loewig  distinguishes  the 
following  series,  some  of  which  exhibit  a  rather  unusual  ratio  of  com- 
position : — 

C^HjSnO  1 
2(C4H5)Sn20  [  Insoluble  in  water. 
4(C,H,)Sn,0  ) 

K^S'Ss^c"''^  \  Soluble  in  water. 
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BiSM-ETHYL. — This  substance  is  formed  by  the  action  of  iodide 
of  ethyl  npon  an  alloy  of  bismuth  and  potassium  ;  from  the  residue 
it  is  extracted  with  ether.  It  contains  BiCi2H,5  =  Bi3CjH5,  and  forms 
^1  yellow  liquid  of  1'82  sp.  gr.,  which  possesses  a  most  nauseous 
odour,  and  emits  fumes  which  are  inflamed  when  coming  in  contact 
with  the  air.  It  combines  with  oxygen,  chlorine,  bromine,  iodine, 
and  with  nitric  acid. 

HrDRARGYRETHyL. — According  to  Frankland,  iodide  of  ethyl  is 
readily  attacked  by  mercury.  The  mixture  solidifies  after  some  time 
into  a  white  crystalline  mass,  which  is  iodide  of  hydrargyrethyl , 
C^HjHgjI.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether, 
readily  fusible,  and  may  be  sublimed  without  decomposition.  There 
is  a  corresponding  nitrate  and  chloride  known. : — 

Nitrate  of  hydrargyi-ethyl     .       .       ,  C^H.HgoO.NOj 
Chloride  of  hydrargyrethyl       .       .  C^HjHg^Cl 

They  are  both  crystnllizable  compounds. 

Stibethvl. — Iodide  of  ethyl,  when  distilled  with  an  alloy  of  anti- 
mony and  potassium,  yields  a  curious  substance,  which  MM.  Loewig 
and  Schvveizer  have  described  under  the  name  of  stibethyl.  It  con- 
tains SbC,2H,5  =  Sb  3{C^E^).  We  shall  return  to  this  substance 
when  speaking  of  the  compound  ammonias. 


PRODUCTS  OF  THE  OXIDATION  OF  ALCOHOL. 

When  alcohol  and  ether  burn  with  flame  in  free  air,  the  products  of 
their  combustion  are,  as  with  all  bodies  of  like  chemical  nature,  car- 
bonic acid  and  water.  Under  peculiar  circumstances,  however, 
these  substances  undergo  partial  oxidation,  in  which  the  hydrogen 
alone  is  aftected,  the  carbon  remainmg  untouched.  The  result  is  the 
production  of  certain  compounds,  which  form  a  small  series,  supposed 
by  some  chemists  to  contain  a  common  radical,  to  which  the  name 
acetyl  is  applied.  It  is  derived  from  ethyl  by  the  oxidation  and 
removal  of  2  eq.  of  hydi'ogen. 

Table  of  Acetyl- Compounds. 
Acetyl  (symbol  Ac).       ....  C^Hg 
Oxide  of  acetyl  (unknown)  .       .       .   "    C  H  0 
Hydrate  of  oxide  of  acetyl ;  aldehyde       .  C4h!'o,HO 
Acetylous  acid ;  aldehydic  acid     .       .       C  H^o' HO 
Anhydrous  acetic  acid     .       .       .       ,    C  H^O'' 
Acetylic  acid ;  acetic  acid    .       .       .  C^HjO^jHO 
Acetyl  and  its  protoxide  are  alike  hypothetical. 
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Aldehyde,  C^H^O.^  or  AcO,HO.— This  substance  is  foimed,  as 
already  noticert,  among  other  products,  when  the  vapour  of  ether  or 
alcohol  is  transmitted  tlirough  a  red-hot  tube ;  also,  by  the  action  of 
chlorine  on  weak  alcohol.  It  is  best  prepared  by  the  following  pro- 
cess : — 6  parts  of  oil  of  vitriol  are  mixed  with  4  parts  of  rectified 
spirit  of  wine,  and  4  parts  of  water ;  this  mixture  is  poured  upon  6 
j)arts  of  powdered  biuoxide  of  manganese,  contained  in  a  capacious 
retort,  in  connection  with  a  condenser,  cooled  by  ice-cold  water. 
Gentle  heat  is  applied  ;  and  when  six  parts  of  liquid  have  passed  over 
the  process  is  interrupted.  The  distilled  product  is  put  into  a  small 
retort,  with  its  own  weight  of  chloride  of  calcium,  and  re-distilled : 
this  operation  is  repeated.  The  aldehyde,  still  retaining  alcohol  and 
other  impurities,  is  mixed  with  twice  its  volume  of  ether,  and  saturated 
with  dry  ammoniacal  gas ;  a  crystalline  compound  of  aldehyde  and 
ammonia  separates,  which  may  be  washed  with  a  little  ether,  and 
dried  in  the  air.  From  this  substance  the  aldehyde  may  be  separated 
by  distillation  in  a  water-bath,  with  sulphuric  acid,  diluted  with  an 
equal  quantity  of  water :  by  careful  rectification  from  chloride  of  cal- 
cium, at  a  temperature  not  exceeding  87®  (30° -SC),  it  is  obtained  pure 
and  anhydrous. 

Aldehyde*  is  a  limpid,  colourless  liquid,  of  characteristic  ethereal 
odour,  which,  when  strong,  is  exceedingly  suffocating.  It  has  a  den- 
sity of  0*790,  boils  at  72°  (22°  •  3C),  and  mixes  in  all  proportions  with 
water,  alcohol,  and  ether ;  it  is  neutral  to  test-paper,  but  acquires 
acidity  on  exposure  to  air,  from  the  ))roduction  of  acetic  acid :  under 
the  influence  of  platinum-black  this  change  is  very  speedy.  When  a 
solution  of  (his  compound  is  heated  with  caustic  potassa,  a  remarkable 
brown  resin-like  substance  is  produced,  the  so-called  aldchyde-resin. 
Gently  heated  with  protoxide  of  silver,  it  reduces  the  latter  without 
evolution  of  gas,  the  metal  being  deposited  on  the  inner  surface  of  the 
vessel  as  a  brilliant  and  uniform  film  ;  the  liquid  contains  aldehydate 
of  silver. 

When  treated  with  hydrocyanic  acid,  aldehyde  yields  a  substance 
called  alanine,  which  was  already  noticed,  when  treating  of  lactic 
acid,  and  which  will  be  described  more  in  detail  in  the  section  on 
vegeto-alkalis,  imder  the  head  of  bases  from  aldehyde. 

The  action  of  sulphuretted  hydrogen  upon  the  ammonia-compound 
gives  rise  to  the  formation  of  thialdine,  noticed  likewise  under  the 
head  of  bases  fi-om  aldehyde. 

The  ammonia-compound  above  mentioned  forms  transparent,  colour- 
less crystals,  of  great  beauty  ;  it  has  a  mixed  odour  of  ammonia 
and  turpentine;  it  dissolves  very  easily  in  water,  with  less  facility 
in  alcohol,  and  with  difBculty  in  ether;  it  melts  at  about  170° 
(76'^C),  and  distils  imchanged  at  212°  (100°C).  Acids  decompose  it, 
with  production  of  an  ammoniacal  salt  and  separation  of  aldehyde. 


*  Alcohol  (khydrogenatw. 
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The  crystals,  which  are  apt  to  become  yellow,  and  lose  their  lustre  in 
the  air,  contain  C^H^Oo  +  NHg. 

When  pure  aldehyde  is  long  preserved  in  a  closely-stopped  vessel, 
it  is  sometimes  found  to  undergo  spontaneous  change  into  one,  and 
even  two  isomeric  modifications,  differing  completely  in  properties 
from  the  original  compound.  In  a  specimen  kept  some  weeks  at  32° 
(0°C),  transparent  acicular  crystals  were  observed  to  form  in  consi- 
derable quantity,  which,  at  a  temperature  little  exxeeding  that  of  the 
freezing-point  of  water  melted  to  a  colourless  liquid,  miscible  with 
water,  alcohol,  and  ether;  a  few  crystals  remained,  which  sublimed 
without  fusion,  and  were  probably  composed  of  the  second  substance. 
This  new  body  received  the  name  elaldehyde  ;  it  was  found  to  be  iden- 
tical in  composition  with  aldehyde,  but  to  differ  in  properties  and  in 
the  density  of  its  vapour;  the  latter  has  a  sp.  gr.  of  4"515,  while  that 
of  aldehyde  is  only  1"532,  or  one-third  of  that  number.  It  refuses  to 
combine  with  ammonia,  is  not  rendered  brown  by  potassa,  and  is  but 
little  affected  by  solution  of  silver. 

The  second  modification,  or  metaldehyde,  is  sometimes  produced  in 
pure  aldehyde,  kept  at  the  common  temperature  of  the  air,  even  in  her- 
metically-sealed tubes :  the  conditions  of  its  formation  are  unknown. 
It  forms  colourless,  transparent,  prismatic  crystals,  which  sublime 
without  fusion  at  a  temperature  above  212°  (100°C),  and  are  soluble  in 
alcohol  and  ether,  but  not  in  water.  They  also  were  found,  by 
analysis,  to  have  the  same  composition  as  aldehyde.  The  substance 
which  we  have  described  by  the  term  of  chloral  may  be  viewed  as 
bichlorinetted  aldehyde. 

ALDEnyDic  ACID,  0^11302,110.— When  solution  of  aldehydate 
of  silver,  obtained  by  digesting  oxide  of  silver  in  excess  with  alde- 
hyde, is  precipitated  by  sulphuretted  hydrogen,  an  acid  liquid  is  ob- 
tained, which  neutralizes  alkalis,  and  combines  with  the  oxides  of  the 
metals.  It  is  very  easily  decomposed.  Aldehydate  of  silver,  mixed 
with  baryta-water,  gives  rise  to  aldehydate  of  baryta  and  oxide  of 
silver:  if  this  precipitate  be  heated  in  the  liquid,  the  metal  is  reduced, 
and  neutral  acetate  of  baryta  formed  ;  whence  it  is  inferred  that  the 
new  acid  contains  the  elements  of  acetic  acid,  minus  an  equivalent  of 
oxygen. 

AcETAL. — This  substance  is  one  of  the  products  of  the  slow  oxida- 
tion of  alcohol-vapour  under  the  influence  of  platinum-black.  Spirit 
of  wine  is  poured  into  a  large,  tall,  glass-jar,  to  the  depth  of  about  an 
inch,  and  a  shallow  capsule,  containing  slightly-moistened  platinum- 
black,  arranged  above  the  surface  of  the  liquid;  the  jar  is  loosely  co- 
vered by  a  glass  plate,  and  left  during  two  or  three  weeks,  in  a  wai-m 
situation.  At  the  expiration  of  that  period  the  liquid  is  found  highly 
acid :  it  is  to  be  neutralized  with  carbonate  of  potassa  as  much 
chloride  of  calcium  added  as  the  liquid  will  dissolve,  and  the  whole 
subjected  to  distillation,  the  first  fourth  only  being  collected.  Fused 
chloride  of  calcium  added  to  the  distilled  product  now  throws  up  a 
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light  oily  liquid,  which  is  a  mixture  of  acetal  with  alcohol,  aldehyde, 
and  acetic  ether.  By  fresh  treatment  with  chloride  of  calcium,  and 
long  exposure  to  geatle  heat  in  a  retort,  the  aldehyde  is  expelled. 
The  acetic  ether  is  destroyed  hy  caustic  potassa,  and  the  alcohol 
removed  by  washing  with  water,  after  which  the  acetal  is  again 
digested  with  fused  chloride  of  calcium,  and  re-distilled. 

Pure  acetal  is  a  thin,  colourless  fluid,  of  agreeable  ethereal  odour,  of 
sp.  gr.  0-821  at  72°  (22°-2C),  and  boiling  at  220°  (104°C).  It  is  solu- 
ble in  18  parts  of  water,  and  miscible  in  all  proportions  with  alcohol 
and  ether.  It  is  unchanged  in  the  air ;  but,  under  the  influence  of  pla- 
tinum-black, becomes  converted  into  aldehyde,  and  eventually  into 
acetic  acid.  Nitric  and  chromic  acids  produce  a  similar  eifect.  Strong 
boiling  solution  of  potassa  has  no  action  on  this  substance.  Acetal 
contains  CijHj^O^,  or  the  elements  of  2  eq.  ether  and  1  eq.  aldehyde, 
C,2H,,0,  =  2C,H50+C,H,0,. 

When  a  coil  of  fine  platinum  wire  is  heated  to  redness,  and  plunged 
into  a  mixture  of  ether,  or  alcohol-vapour  and  atmospheric  air,  it  de- 
termines upon  its  surface  the  partial  combustion  of  the  former,  and 
gives  rise  to  an  excessively  pungent  acrid  vapour,  which  may  be 
condensed  to  a  colourless  liquid  by  suitable  means.  The  heat  evolved 
in  the  act  of  oxidation  is  sufficient  to  maintain 
Fig.  164.  the  wire  in  an  incandescent  state.    The  expe- 

riment may  be  made  by  putting  a  little  ether 
into  an  ale-glass,  and  suspending  over  it  the 
heated  spiral  fi-om  a  card  ;  or  by  slipping  the 
coil  over  the  wick  of  a  spirit-lamp,  so  that  the 
greater  part  may  be  raised  above  the  cotton  ; 
the  lamp  is  supplied  with  ether  or  spirit  of 
wine,  lighted  for  a  moment,  and  then  blown 
out.  The  coil  continues  to  glow  in  the  mixed 
atmosphere  of  air  and  combustible  vapour, 
until  the  ether  is  exhausted.  This  is  the 
lamp  without  flame  of  Sir  H.  Davy.  A  ball 
of  spongy  platinum  may  be  substituted  for 
the  coil  of  wire.  The  condensed  liquid  con- 
tains acetic  and  formic  acids  with  aldehyde 

and  aldehydic  acid. 

Acetic  acid.— Pure  alcohol,  exposed  to  the  air,  or  thrown  mto  a 
vessel  of  oxygen  gas,  fidls  to  suffer  the  slightest  change  by  oxidation; 
when  diluted  with  water,  it  remains  also  unaffected.  If,  on  the  other 
hand,  spirit  of  wine  be  dropped  upon  dry  platinum-black,  the  oxygen 
condensed  into  the  pores  of  the  latter  reacts  so  powerfully  upon 
the  alcohol  as  to  cause  its  instant  inflammation.  When  the  spirit  is 
mixed  with  a  little  water,  and  slowly  dropped  upon  the  finely-divided 
metal,  oxidation  still  takes  place,  but  with  less  energy,  and  vapour 
of  acetic  acid  is  abundantly  evolved.  It  is  almost  unnecessaiy  to 
add,  that  the  platinum  itself  undergoes  no  change  in  this  experiment. 
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Dilute  calcohol,  mixed  with  a  little  yeast,  or  almost  any  azotized 
organic  matter,  susceptible  of  putrefaction,  and  exposed  to  the  air, 
speedily  becomes  oxidized  to  acetic  acid.  Acetic  acid  is  thus  manu- 
factm-ed  in  Germany,  by  suffering  such  a  mixture  to  flow  over  wood- 
shavings,  steeped  in  a  little  vinegar,  contained  in  a  large  cylindrical 
vessel,  through  which  a  current  of  air  is  made  to  pass.  The  greatly 
extended  surface  of  the  liquid  expedites  the  change,  which  is  com- 
pleted in  a  few  hours.    No  carbonic  acid  is  produced  in  this  reaction. 

The  best  vinegar  is  made  from  wine  by  spontaneous  acidification  in 
a  partially-filled  cask  to  which  the  air  has  access.  Vinegar  is  first  in- 
troduced into  the  empty  vessel,  and  a  quantity  of  wine  added ;  after 
some  days  a  second  portion  of  wine  is  poured  in,  and  after  similar  in- 
tervals a  third  and  a  fourth.  When  the  whole  has  become  vinegar,  a 
quantity  is  drawn  off  equal  to  that  of  the  wine  employed,  and  the  pro- 
cess is  recommenced.  The  temperature  of  the  building  is  kept  up  to 
86"^  (30°C).  Such  is  the  plan  adopted  at  Orleans.*  In  England 
vinegar  is  prepared  from  a  kind  of  beer  made  for  the  pui'pose. 
The  liquor  is  exposed  to  the  air  in  half-empty  casks,  loosely  stopped, 
imtil  acidification  is  complete.  Frequently  a  little  sulphuric  acid  is 
afterwards  added,  with  a  view  of  checking  farther  decomposition,  or 
mothering,  by  which  the  product  would  be  spoiled. 

There  is  another  source  of  acetic  acid  besides  the  oxidation  of  alco- 
hol :  when  dry,  hard  wood,  as  oak  and  beech,  is  subjected  to  destruc- 
tive distillation  at  a  red-heat,  acetic  acid  is  found  among  the  liquid 
condensable  products  of  the  operation.  The  distillation  is  conducted 
in  an  iron  cylinder  of  large  dimensions,  to  which  a  worm  or  con- 
denser is  attached ;  a  sour  watery  liquid,  a  quantity  of  tar,  and 
much  inflammable  gtis  pass  over,  while  chaixoal  of  excellent  qua- 
lity remains  in  the  retort.  The  acid  liquid  is  subjected  to  distilla- 
tion, the  first  portion  being  collected  apart  for  the  sake  of  a  peculiar 
volatile  body,  shortly  to  be  described,  which  it  contains.  The  re- 
mainder is  saturated  with  lime,  concentrated  by  evaporation,  and 
mixed  with  solution  of  sulphate  of  soda  ;  sulphate  of  lime  precipi- 
tates, while  the  acetic  acid  is  transferred  to  the  soda.  The  filtered 
solution  is  evaporated  to  its  crystallizing-point ;  the  crystals  are 
dramed  as  much  as  possible  from  the  dark,  tarry  mother-liquor,  and 
deprived  by  heat  of  their  combined  water.  The  dry  salt  is  then  cau- 
tiously fused,  by  which  the  last  portions  of  tar  are  decomposed  or 
expelled ;  it  is  then  re-dissolved  in  water,  and  re-crystallized.  Pure 
acetate  of  soda,  thus  obtained,  readily  yields  hydiated  acetic  acid  by 
distillation  with  sulphuric  acid. 

The  strongest  acetic  acid  is  prepared  by  distilling  finely-powdered 
anhydrous  acetate  of  soda  with  three  times  its  weight  of  concentrated 
oil  of  vitriol.  The  liquid  is  purified  by  rectification  from  sulphate  of 
soda,  accidentally  thrown  up,  and  then  exposed  to  a  low  temperature. 
Crystals  of  hydrate  of  acetic  acid  form  in  large  quantity,  which  may 
*  Dumas,  Chimie  appliquee  aux  Arts,  vi.  537. 


452 


ACETIC  ACID. 


be  drained  from  the  weaker  fluid  portion,  and  then  suffered  to  melt. 
Below  60°  (15'='-5C)  this  substance  forms  large,  colourless,  transparent 
crystals,  which  above  that  temperature  fuse  to  a  thin,  colourless 
liquid,  of  exceedingly  pungent  and  well-known  odour ;  it  raises 
blisters  on  the  skin.  It  is  miscible  in  all  proportions  with  water, 
alcohol,  and  ether,  and  dissolves  camphor  and  several  resins.  When 
diluted  it  has  a  pleasant  acid  taste.  The  hydrate  of  acetic  acid  in 
the  liquid  condition  has  a  density  of  1-063,  and  boils  at  240" 
(119°C)  ;  its  vapour  is  inflammable.  Acetic  acid  forms  a  gi-eat  num- 
ber of  exceedingly  important  salts,  all  of  which  are  soluble  in  water ; 
the  acetates  of  silver  and  mercury  are  the  least  soluble. 

The  hydrate  of  acetic  acid  contains  C^HjOg.HO^  Ac03,H0  ;  it 
is  formed  from  alcohol  by  the  substitution  of  2  eq.  of  oxygen  for  2 
eq.  of  hydrogen.  The  water  is  basic,  and  can  be  replaced  by  me- 
tallic oxides.  Dr.  Williamson  assumes  in  acetic  acid,  a  peculiar 
radical,  which  he  tenns  othyl  C4H3O2,  i.  e.,  ethyl  in  which  2  eq.  of 
hydrogen  are  replaced  by  2  eq.  of  oxygen.  The  constitution  of 
acetic  acid  thus  becomes  analogous  to  that  of  benzoic  acid  in  which 
Liebig  and  Wohler  assume  a  peculiar  radical,  benzoyl  C,4H502. 
See  the  article  on  this  substance. 

Benzoic  acid  HO,(C, 411502)0  Hydrated  oxide  of  benzoyl. 

Acetic  acid  HO,(C4H302)0  Hydrated  oxide  of  othyl. 

A  different  view  regarding  the  constitution  of  this  acid  has  been 
proposed  by  Prof.  Kolbe  ;  it  is  chiefly  based  upon  the  remarkable 
decomposition  which  acetic  acid  undergoes  when  submitted  to  the 
action  of  the  galvanic  current.  We  shall  return  to  this  subject  when 
speaking  of  valeric  acid. 

Dilute  acetic  acid,  or  distilled  vinegar,  used  in  pharmacy,  should 
always  be  carefully  examined  for  copper  and  lead  ;  these  impurities 
are  contracted  from  the  metallic  vessel  or  condenser  sometimes  em- 
ployed in  the  process.  The  strength  of  any  sample  of  acetic  acid 
cannot  be  safely  inferred  from  its  density,  but  is  easily  determined  by 
observing  the  quantity  of  diy  carbonate  of  soda  necessary  to  saturate 
a  known  weight  of  the  liquid. 

Mr.  Gerhardt  has  lately  made  the  remarkable  discovery  that 
anhydrous  acetic  acid,  the  substance  C4H3O3,  may  be  obtained  by  a 
process  which  is  of  general  applicability  for  the  isolation  of  the 
anhydrous  acid.  In  one  of  the  subsequent  chapters  a  substance  will 
be  described  nnder  the  name  of  chloride  of  benzoyl,  which  may  be 
viewed  as  the  chloride  of  the  radical  of  benzoic  acid.  If  this  body  be 
heated  with  anhydrous  acetate  of  soda,  a  lively  reaction  ensues,  and 
anhydrous  acetic  acid  distils  over,  while  a  mixture  of  chloride  of 
sodium  and  acetate  of  soda  remain  in  the  retort. 
NaO.CiHjOj    +    CuH.OjCl   =   NaCl    +     NaO.C, 411^03    +  C4H,03 


Acetate  of         Chloride  of      Chloride      Beuzoate  of  Soda.  Anhydrous 
Soda.  Benzoyl.      of  Sodium.  Acetic  Add. 
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Anhydrous  acetic  acid  is  a  heavy  oil  which  combines  only  slowly 
with  water,  giving  rise  to  the  formation  of  ordinary  hydrated  acetic 
acid. 

Acetate  of  potassa,  KOjC^HjOj.— This  salt  crystallizes  with 
great  difficulty  :  it  is  generally  met  with  as  a  foliated,  white,  crystal- 
line mass,  obtained  by  neutralizing  cai'bonate  of  potassa  by  acetic 
acid,  evaporating  to  dryness,  and  heating  the  salt  to  fusion.  The 
acetate  is  extremely  deliquescent,  and  soluble  in  water  and  alcohol ; 
the  solution  is  usually  alkaline,  from  a  little  loss  of  acid  by  the  heat 
to  which  it  has  been  subjected.  From  the  alcoholic  solution,  carbo- 
nate of  potassa  is  thrown  down  by  a  stream  of  carbonic  acid. 

Acetate  op  soda,  NaOjC^HgOg-l-GHO, — The  mode  of  prepara- 
tion of  this  salt  on  the  large  scale  has  been  already  described ;  it 
forms  large,  transparent,  colourless  ciystals,  derived  from  a  rhombic 
prism,  which  are  easily  rendered  anhydrous  by  heat,  effloresce  in  dry 
air,  and  dissolve  in  3  parts  of  cold,  and  in  an  equal  weight  of  hot 
water, — it  is  also  soluble  in  alcohol.  The  taste  of  this  substance  is 
cooling  and  saline.  The  dry  salt  undergoes  the  igneous  fusion  at 
550°  (287°-8C),  and  begins  to  decompose  at  600°  (315«-5C). 

Acetate  of  ammonia  ;  spirit  of  Mindererus  ;  NH^OjC^Hg 
O3. — The  neutral  solution  obtained  by  saturating  strong  acetic  acid 
by  cai-bonate  of  ammonia  cannot  be  evaporated  without  becoming  acid 
from  loss  of  base;  the  salt  passes  off  in  large  quantity  with  the 
vapour  of  water.  Solid  acetate  of  ammonia  is  best  prepared  by  dis- 
tilling a  mixture  of  equal  parts  acetate  of  lime  and  powdered  sal- 
ammoniac  ;  chloride  of  calcium  remains  in  the  retort.  A  saturated 
solution  of  the  solid  salt  in  hot  water,  suffered  slowly  to  cool  in  a  close 
vessel,  deposits  long  slender  crystals,  which  deliquesce  in  the  air. 
Acetate  of  ammonia  has  a  sharp  and  cooling,  yet  sweet,  taste ;  its 
solution  becomes  alkaline  on  keeping,  from  decomposition  of  the 
acid. 

AcETONiTRiLE. — Acetate  of  ammonia  when  distilled  with  anhydrous 
phosphoric  acid,  loses  4  eq.  of  water,  being  converted  into  a  colourless 
liquid,  immiscible  with  water,  of  an  aromatic  odour,  and  boiling  at  170' 
(77°C),  which  has  received  the  name  of  acetonitrile.  When  boiled 
with  acids  or  alkalis  it  re-assimilates  the  4  eq.  of  water,  being  con- 
verted again  into  acetic  acid  and  ammonia.  This  substance  is  the  type 
of  a  class  ;  a  great  many  ammonia-salts  of  acids,  analogous  to  acetic 
acid,  undergoing  a  similar  change  when  treated  with  anhydrous  phos- 
phoric acid.  It  is  likewise  obtained  by  a  perfectly-different  process, 
which  will  be  described  when  treating  of  the  methyl-compounds. 
(See  cyanide  of  methyl,  page  465,  and  also  acetic  ether,  page  429.) 

The  acetates  of  lime,  baryta,  and  strontia  are  very  soluble,  and 
can  be  procured  in  crystals ;  acetate  of  magnesia  crystallizes  with 
difficulty. 

Acetate  of  alumina,  Al203,3C^H303.— This  salt  is  very  soluble 
in  water,  and  dries  up  iu  the  vacuum  of  the  air-pump  to  a  gummy 
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mass,  without  trace  of  crystallization.  If  foreign  salts  be  present,  the 
solution  of  the  acetate  becomes  turbid  on  heating,  from  the  separation 
of  a  basic  compound,  which  re-dissolves  as  the  liquid  cools.  Acetate 
of  alumina  is  much  employed  in  calico-printing;  it  is  prepared  by 
mixing  solutions  of  acetate  of  lead  and  alum,  and  filtering  from  the 
insoluble  sulphate  of  lead.  The  liquid  is  thickened  with  gum  or 
other  suitable  material,  and  with  it  the  design  is  impressed  upon  the 
cloth  by  a  wood-block,  or  by  other  means.  Exposure  to  a  moderate 
degree  of  heat  di-ives  off  the  acetic  acid,  and  leaves  the  alumina  in  a 
state  capable  of  entering  into  combination  with  the  dye-stuff. 

Acetate  of  manganese  forms  colourless,  rhombic,  prismatic  crystals, 
permanent  in  the  air.  Acetate  of  protoxide  of  iron  crystallizes  in 
small  greenish-white  needles,  very  prone  to  oxidation ;  both  salts  dis- 
solve freely  in  water.  Acetate  of  sesquioxide  of  iron  is  a  dark- 
brownish  red,  uncrystallizable  liquid,  of  powerful  astringent  taste. 
Acetate  of  cobalt  forms  a  violet-coloured,  ciystalline,  deliquescent 
mass.  The  nickel-salt  separates  in  green  crystals,  which  dissolve  in 
6  parts  of  water. 

Acetate  op  lead,  PbCC^HgOg-FSHO.— This  important  salt  is 
prepared  on  a  large  scale  by  dissolving  litharge  in  acetic  acid  ;  it  may 
be  obtained  in  colourless,  transparent  prismatic  crystals,  but  is 
generally  met  with  in  commerce  as  a  confusedly  crystalline  mass, 
somewhat  resembling  loaf-sugar.  From  this  circumstance,  and  fi-om 
its  sweet  taste,  it  is  often  called  sugar  of  lead.  The  crystals  are 
soluble  in  about  1\  parts  of  cold  water,  effloresce  in  dry  air,  and  melt 
when  gently  heated  in  their  water  of  crystallization ;  the  latter  is 
easily  driven  off,  and  the  anhydrous  salt  obtained,  which  suffers  the 
igneous  fusion,  and  afterwards  decomposes,  at  a  high  temperature. 
Acetate  of  lead  is  soluble  in  alcohol.  The  watery  solution  has  an  in- 
tensely sweet,  and  at  the  same  time  astringent,  taste,  and  is  not  pre- 
cipitated by  ammonia.    It  is  an  article  of  great  value  to  the  chemist. 

Basic  acetates  (sdb-acetates)  of  lead. — Sesqui-hasic  acetate 
is  produced  when  the  neutral  anhydrous  salt  is  so  far  decomposed  by 
heat  as  to  become  converted  into  a  porous  white  mass,  decomposable 
only  at  a  much  higher  temperature.  It  is  soluble  in  water,  and  sepa- 
rates from  the  solution  evaporated  to  a  syrupy  consistence  in  the  form 
of  crystalline  scales.  It  contains  3PbO, 20411^03.  A  sub-acetate 
with  3  eq.  of  base  is  obtained  by  digesting  at  a  moderate  heat  7  parts 
of  finely-powdered  litharge,  6  parts  of  acetate  of  lead,  and  30  parts  of 
water.  Or,  by  mixing  a  cold  saturated  solution  of  neutral  acetate 
with  a  fifth  of  its  volume  of  caustic  ammonia,  and  leaving  the  whole 
some  time  in  a  covered  vessel ;  the  salt  separates  in  minute  needles, 
which  contain  3PbO,C^H303-|-HO,  The  solution  of  sub-acetate  pre- 
pared by  the  first  method  is  lajown  in  pharmacy  under  the  name  of 
Goidard  water.  A  third  sub-acetate  exists,  fomed  by  adding  a  great 
excess  of  ammonia  to  a  solution  of  acetate  of  lead,  or  by  digesting 
acetate  of  lead  with  a  large  quantity  of  oxide.    It  is  a  white,  slightly 
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crystalline  substance,  insoluble  in  cold,  and  but  little  soluble  in  boil- 
ing water.  It  contains  6PbO,C4H303.  The  solutions  of  the  sub- 
acetates  of  lead  have  a  strong  alkaline  reaction,  and  absorb  carbonic 
acid  with  the  greatest  avidity,  becoming  turbid  from  the  precipitation 
of  basic  carbonate. 

Acetate  of  copper. — The  neutral  acetate,  CuO,C4H303-j-HO,  is 
prepai-ed  by  dissolving  verdigris  in  hot  acetic  acid,  and  leaving  the 
filtered  solution  to  cool.  It  forms  beautiful  dark-green  crystals,  which 
dissolve  in  14  parts  of  cold  and  5  parts  of  boiling  water,  and  are  also 
soluble  in  alcohol.  A  solution  of  this  salt,  mixed  with  sugar  and 
heated,  yields  suboxide  of  copper  in  the  form  of  minute  red  octahe- 
dral crystals  ;  the  residual  copper  solution  is  not  precipitated  by  an 
alkali.  Acetate  of  copper  furnishes,  by  destractive  distillation,  strong 
acetic  acid,  containing  acetone,  and  contaminated  with  copper.  The 
salt  is  sometimes  called  distilled  verdigi-is,  and  is  used  as  a  pigment. 

Basic  acetates  (sub-acetates)  of  copper. — Common  verdigris, 
made  by  spreading  the  marc  of  gi'apes  upon  plates  of  copper  exposed 
to  the  air  during  several  weeks,  or  by  substituting,  with  the  same 
view,  pieces  of  cloth  dipped  in  crude  acetic  acid,  is  a  mixture  of 
several  basic  acetates  of  copper  which  have  a  green  or  blue  colour. 
One  of  these,  3CuO,2C4H303-J-6HO,  is  obtained  by  digesting  the 
powdered  verdigris  in  warm  water,  and  leaving  the  soluble  part  to 
spontaneous  evaporation.  It  forms  a  blue,  crystalline  mass,  but  little 
soluble  in  cold  water.  When  boiled,  it  deposits  a  brown  powder, 
which  is  a  sub-salt  with  large  excess  of  base.  The  green  insoluble 
residue  of  the  verdigris  contains  3CuO,C4H303-)-3HO  ;  it  may  be 
formed  by  digesting  neuti'al  acetate  of  copper  with  the  hydrated  oxide. 
By  ebullition  with  water  it  is  resolved  into  neutral  acetate  and  the 
brown  sub-salt. 

Acetate  of  silver,  AgO,C4H303,  is  obtained  by  mixing  acetate 
of  potassa  with  nitrate  of  silver,  and  washing  the  precipitate  with  cold 
water  to  remove  the  nitrate  of  potassa.  It  crystallizes  from  a  warm 
solution  in  small  colourless  needles,  which  have  but  little  solubility  in 
the  cold. 

Acetate  of  suboxide  of  mercury  forms  small  scaly  ci-ystals,  which 
are  as  feebly  soluble  as  those  of  acetate  of  silver.  The  salt  of  the  red 
oxide  of  mercury  dissolves  with  facility. 

Cbloracetto  acid. — When  a  small  quantity  of  crystallizable  acetic 
acid  is  introduced  into  a  bottle  of  dry  chlorine  gas,  and  the  whole  ex- 
posed to  the  direct  solar  rays  for  several  hours,  the  interior  of  the 
vessel  is  found  coated  with  a  white  crystalline  substance,  which  is  a 
mixture  of  the  new  product,  chloracetic  acid,  with  a  small  quantity 
of  oxalic  acid.  The  liquid  at  the  bottom  contains  the  same  substances, 
together  with  the  unaltered  acetic  acid.  Hydrochloric  and  carbonic 
acid  gases  are  at  the  same  time  produced,  together  with  a  suffocating 
vapour,  resembling  chloro-carbonic  acid.  The  crystalline  matter  is 
dissolved  out  with  a  small  quantity  of  water,  added  to  the  liquid  con- 
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tained  in  the  bottle,  and  the  whole  placed  in  the  vacuum  of  the  air- 
pump,  with  capsules  containing  fragments  of  caustic  potassa,  and 
concentrated  sulphuric  acid.  The  oxalic  acid  is  first  deposited,  and 
afterwards  the  new  substance  in  beautiful  rhombic  crystals.  If  the 
liquid  refuse  to  crystallize,  it  may  be  distilled  with  a  little  anhydrous 
phosphoric  acid,  and  then  evaporated.  The  ci-ystals  are  spread  upon 
bibulous  paper  to  drain,  and  dried  in  vaoito. 

Chloracetic  acid  is  a  colourless  and  extremely  deliquescent  sub- 
stance ;  it  has  a  faint  odour,  and  a  sharp,  caustic  taste,  bleaching 
the  tongue  and  destroying  the  skin ;  the  solution  is  powerfully  acid. 
At  115<»  (46°C)  it  melts  to  a  cleai-  liquid,  and  at  390"  (218°-8C) 
boils  and  distils  unchanged.  The  density  of  the  fused  acid  is  l-Gl?  ; 
that  of  the  vapour,  which  is  very  irritating,  is  probably  5*6.  The  sub- 
stance contains,  according  to  the  analysis  of  M.  Dumas,  C^CljOj, 
HO,  or  the  elements  of  hydrated  acetic  acid  from  which  3  eq.  of 
hydrogen  have  been  withdrawn,  and  replaced  by  3  eq.  of  chlorine. 

Chloracetic  acid  forms  a  variety  of  salts,  which  have  been  examined 
and  described  ;  it  combines  also  with  ether,  and  with  the  ether  of  wood- 
spirit.  These  compounds  correspond  to  the  ethers  of  the  other  organic 
acids.  Chloracetate  of  potassa  crystallizes  in  fibrous,  silky  needles, 
which  are  permanent  in  the  air,  and  contain  KO,C^Cl303-|-HO. 
The  ammoniacal  salt  is  also  crystallizable  and  neutral  ;  it  contains 
NH40,C4C]303-f5HO.  Chloracetate  of  silver  is  a  soluble-  com- 
pound, crystallizing  in  small  greyish  scales,  which  are  easily  altered 
by  light ;  it  gives,  on  analysis,  AgO,C4Cl303,  and  is  consequently 
anhydrous. 

When  chloracetic  acid  is  boiled  with  an  excess  of  ammonia,  it  is 
decomposed,  with  production  of  chloroform  and  cai-bonate  of  ammonia. 

C^H  Cl30,=C2H  CI3  and  C^O^. 

With  caustic  potassa,  it  yields  a  smaller  quantity  of  chloroform, 
chloride  of  potassium,  carbonate  and  formate  of  potassa.  The  chloride 
and  the  formate  are  secondary  products  of  the  reaction  of  the  alkali 
upon  the  chloroform. 

Normal  acetic  acid  may  be  reproduced  from  this  curious  substitution- 
compound.  When  an  amalgam  of  potassium  and  mercury  is  put  into 
a  strong  aqueous  solution  of  chloracetic  acid,  chemical  action  ensues, 
the  temperature  of  the  liquid  rises,  without  disengagement  of  gas,  and 
the  solution  is  found  to  contain  acetate  of  potassa,  chloride  of  potas- 
sium, and  some  caustic  potassa. 

Acetone  •  pyroacetic  spirit. — When  metallic  acetates  in  an  an- 
hydrous state' are  subjected  to  destructive  distillation,  they  yield,  among 
other  products,  a  peculiar  inflammable,  volatile  liquid,  designated  by 
the  above  names.  It  is  most  easily  prepared  by  distilling  carefully 
dried  acetate  of  lead  in  a  large  earthen  or  coated  glass  retort,  by  a  heat 
gradually  raised  to  redness ;  the  retort  must  be  connected  with  a  con- 
denser weU  supplied  with  cold  water.    Much  gas  is  evolved,  diiefly 
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carbonic  acid,  and  the  volatile  product,  but  slightly  contaminated  with 
tar,  collects  in  the  receiver.  The  retort  is  found  after  the  operation  to 
contain  minutely-divided  met<allic  lead,  which  is  sometimes  pyrophoric. 
The  crude  acetone  is  saturated  with  carbonate  of  potassa,  and  after- 
wards rectified  in  a  water-bath  from  chloride  of  calcium.  This  coni- 
pound  may  also  be  prepared  by  passing  the  vapour  of  strong  acetic  acid 
through  an  iron  tube  heated  to  dull  redness ;  the  acid  is  resolved  into 
acetone,  carbonic  acid,  carbonic  oxide,  and  carbouetted  hydrogen. 

Pure  acetone  is  a  colourless  limpid  liquid,  of  peculiar  odour ;  it  has 
a  density  of  0'792,  and  boils  at  132°  (55''-5C);  the  density  of  its 
vapour  is  2'022.  Acetone  is  very  inflammable,  and  burns  with  a  bright 
flame  ;  it  is  miscible  in  all  proportions  with  water,  alcohol,  and  ether. 
The  simplest  formula  of  this  substance,  which  is  produced  by  the  re- 
solution of  acetic  acid  into  acetone  and  carbonic  acid,  is  C3H3O  ;  but 
it  is  probable  that  this  formula  should  be  doubled, 

When  acetone  is  distilled  with  half  its  volume  of  Nordhausen  sul- 
phuric acid,  an  oily  liquid  is  obtained,  which  in  a  state  of  purity  has  a 
feeble  garlic  odour.  It  is  lighter  than  water,  and  very  inflammable. 
It  contains  C|gHj„  and  is  produced  by  the  abstraction  of  the  elements 
of  water  from  acetone.  It  has  received  the  name  mesitilole.  If 
pentachloride  of  phosphorus  be  dropped  into  carefully-cooled  acetone, 
and  the  whole  mixed  with  water,  a  heavy  oily  liquid  separates, 
which  is  stated  to  contain  CgHjCl.  When  this  is  dissolved  in  alcohol, 
and  mixed  with  caustic  potassa,  a  second  oily  product  results.  This 
is  lighter  than  water,  has  an  aromatic  odour,  and  contains  CgHgO. 

Sir  Robert  Kane  has  described  a  number  of  other  compounds 
formed  by  the  action  of  acids,  and  other  chemical  agents,  on  ace- 
tone, from  which  he  has  inferred  the  existence  of  an  organic  salt- 
basyle,  containing  CgHj,  and  to  which  the  name  of  mesityl  has 
been  given.  Zeise,  on  the  other  hand,  has  shown  that  by  the  action 
of  chloride  of  platinum  upon  acetone,  a  yellow  crystallizable  com- 
pound can  be  obtained,  having  a  composition  expressed  by  the  fonnula 
CeH^O-l-PtCla. 

Acetic  acid  is  not  the  only  source  of  acetone  ;  it  is  produced  in  the 
destructive  distillation  of  citric  acid,  and  maybe  procured  from  sugar, 
starch,  and  gum,  by  distillation  with  8  times  their  weight  of  powdered 
quicklime.  The  acetone  is,  in  this  case,  accompanied  by  an  oily,  vo- 
latile liquid,  separable  by  water,  in  which  it  is  insoluble.  This  sub- 
stance is  called  metacetone  or  propione  ;  it  contains  C.H.O,  its  boil- 
ing-point is  212°  (lOOoC). 

When  acetate  of  potassa  is  heated  with  a  great  excess  of  caustic 
alkali  it  is  converted,  as  has  been  already  remarked,*  into  carbonic  acid 
and  light  carbonetted  hydrogen,  by  the  reaction  of  the  oxygen  of  the 
water  of  the  hydrate  upon  the  carbon  of  the  acid.  ° 

C,H303,HO=C,0,+C,H,. 

*  See  page  169. 
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Propionic  acid. — Metacetone  distilled  with  a  mixture  of  bichro- 
mate of  potassa  and  sulphuric  acid  yields,  among  other  products,  me^a- 
cetonic  or  propionic  acid,  CgHj03,H0,  a  volatile  acid,  very  closely 
resembling  acetic  acid,  and  chiefly  distinguished  from  that  substance 
by  the  high  degree  of  solubility  of  its  soda-salt.  Mr.  Morley  has 
lately  shown  that  propionate  of  baryta,  when  submitted  to  destructive 
distillation,  yields  again  propione.  Propionic  acid  is  one  of  the 
products  of  the  action  of  hydrate  of  potassa  in  a  melted  state  upon 
sugar,  and  is  also  generated  by  the  fermentation  of  glycerin.  The 
formation  of  this  substance  by  the  action  of  potassa  upon  cyanide  of 
ethyl  has  been  already  mentioned,  page  426.    See  also  page  479. 
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The  substance  long  known  under  the  name  of  fuming  liquor  of  Cadet, 
prepared  by  distilling  a  mixture  of  dry  acetate  of  potassa  and  arsenious 
acid,  has  been  shown  by  M.  Bunsen  to  be  the  oxide  of  an  isolahle  organic 
basyl,  capable  of  fonning  a  vast  number  of  combinations  displacing 
other  bodies,  and  being  in  turn  displaced  by  them,  in  the  same  man- 
ner as  a  metal.  The  investigation  of  this  difficult  subject  reflects  the 
highest  honour  on  the  patience  and  skill  of  the  discoverer.  Kakodyl, 
so  named  from  its  poisonous  and  offensive  nature,  contains  three  ele- 
ments, viz.,  carbon,  hydrogen,  and  arsenic. 

Table  of  the  most  important  Kakodyl-Compounds. 


Kakodyl  (symbol  Kd) 
Oxide  of  kakodyl 
Chloride  of  kakodyl 
Chloride  of  kakodyl  and  copper 
Oxy-chloride  of  kakodyl  . 
Terchloride  of  kakodyl  . 
Bromide  of  kakodyl . 
Iodide  of  kakodyl 
Cyanide  of  kakodyl  . 
Kakodylic  acid  . 
Kakodylate  of  silver 
Kakodylate  of  kakodyl  . 
Sulphide  of  kakodyl 
Sulphide  of  kakodyl  and  copper 
Tersulphide  of  kakodyl 
Sulphur-salts  containing  tersul- 
phide of  kakodyl. 
Selenide  of  kakodyl  . 


.  CAAs. 

KdO. 
.  KdCl. 

KdCl-l-CujCl. 
.  3KdCl-|-KdO. 

KdClj. 
.  KdBr. 

Kdl. 
,  KdCy. 

KdOj. 
.  AgO.KdOj. 

KdO,Kd03. 
.  KdS. 

KdS-f3CuS. 
.  KdS.,. 

KdS,KdS3— AuS,KdS3. 
CuSjKdSj— PbS,KdS3. 
.  KdSe. 
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Oxide  of  kakodyl  ;  Cadet's  fuming  liquid  ;  alkaksin  ; 
KdO.— Equal  weights  of  acetate  of  potassa  and  arsenious  acid  are  inti- 
mately mixed  and  introduced  into  a  glass  retort  connected  with  a 
condenser  and  tubulated  receiver,  cooled  by  ice :  a  tube  is  attached  to 
the  receiver  to  carry  away  the  permanently-gaseous  products  to  some 
distance  from  the  experimenter.  Heat  is  then  applied  to  the  retort, 
which  is  gradually  increased  to  redness.  At  the  close  of  the  opera- 
tion, the  receiver  is  found  to  contain  two  liquids,  besides  a  quantity 
of  reduced  ai-senic  :  the  heavier  of  these  is  the  oxide  of  kakodyl  in  a 
coloured  and  impure  condition ;  the  other  chiefly  consists  of  water, 
acetic  acid,  and  acetone.  The  gas  given  off  dming  distillation  is  prin- 
cipally carbonic  acid.  The  crude  oxide  of  kakodyl  is  repeatedly 
washed  by  agitation  with  water,  previously  freed  fi-om  air  by  boiling, 
and  afterwards  re-distilled  from  hydrate  of  potassa  in  a  vessel  filled 
with  pure  hydi'ogen  gas.  All  these  operations  must  be  conducted 
in  the  open  air,  and  the  strictest  precautions  adopted  to  avoid  the 
accidental  inhalation  of  the  smallest  quantity  of  the  vapour  or  its 
products. 

Oxide  of  kakodyl  is  a  colourless,  ethereal  liquid  of  great  refractive 
power;  it  is  much  heavier  than  water,  having  a  density  of  1"462.  It 
is  very  slightly  soluble  in  water,  but  easily  dissolved  by  alcohol ;  its 
boiling-point  approaches  302°  (150°C),  and  it  solidifies  to  a  white  crys- 
talline mass  at  9°( — 12°'6C).  The  odour  of  this  substance  is  extremely 
offensive,  resembling  that  of  arsenetted  hydrogen ;  the  minutest 
quantity  attacks  the  eyes  and  the  mucous  membrane  of  the  nose :  a 
larger  dose  is  highly  dangerous.  When  exposed  to  the  air,  oxide  of 
kakodyl  emits  a  dense  white  smoke,  becomes  heated,  and  eventually 
takes  fire,  burning  with  a  pale  flame,  and  producing  carbonic  acid, 
water,  and  a  copious  cloud  of  arsenious  acid.  It  explodes  when 
brought  into  contact  with  sti-ong  nitric  acid,  and  inllames  spon- 
taneously when  thrown  into  chlorine  gas.  The  density  of  the  vapour 
of  this  body  is  about  T'S.  Oxide  of  kakodyl  is  generated  by  the 
reaction  of  arsenious  acid  on  the  elements  of  acetone,  carbonic,  acid 
being  at  the  same  time  formed ;  the  accompanying  products  are  acci- 
dental : — 

2  eq.  acetone,  CgHgOj,  and  1  eq.  arsenious  acid,  As03  =  l  eq. 
oxide  kakodyl,  C^HgAsO,  and  2  eq.  cai-bonic  acid,  Cfi^. 

Chloride  of  kakodyl,  KdCl,— A  dilute  alcoholic  solution  of 
oxide  of  kakodyl  is  cautiously  mixed  with  an  equally  dilute  solution 
of  corrosive  sublimate,  avoiding  an  excess  of  the  latter;  a  white 
crystalline,  inodorous  precipitate  falls,  containing  KdO-|-2HgCl; 
when  this  is  distilled  with  concentrated  liquid  hydrochloric  acid  it 
yields  corrosive  sublimate,  water,  and  chloride  of  kakodyl,  which  d'is- 
tils  over.  The  product  is  left  some  time  in  contact  with  chloride  of 
calcium  and  a  little  quicklime,  and  then  distilled  alone  in  an  atmo- 
sphere of  carbonic  acid.  The  pure  chloride  is  a  colourless  liquid, 
which  does  not  fume  in  the  air,  but  emits  a  vapour  even  more  fearful 
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in  its  effects,  and  more  insupportable  in  odour  than  that  of  the  oxide. 
It  is  heavier  than  water,  and  insoluble  in  that  liquid,  as  also  in  ether  ; 
alcohol,  on  the  other  hand,  dissolves  it  with  facility.  The  boiling- 
point  of  this  compound  is  a  little  above  212°  (lOO^C)  ;  its  vapour  is 
colourless,  spontaneously  inflammable  in  the  air,  and  has  a  density 
of  4-56.  Dilute  nitric  acid  dissolves  the  chloride  without  change; 
with  the  concentrated  acid  ignition  and  explosion  occur.  Chloride  of 
kakodyl  combines  with  subehloride  of  copper  to  a  white,  insoluble, 
crystalline  double  salt,  containing  KdCl+CUjCl,  and  also  with  oxide 
of  kakodyl. 

I^AKODTL  IN  A  FREE  STATE  may  be  obtained  by  the  action  of 
metallic  zinc,  iron,  or  tin  upon  the  above-described  compound.  Pure 
and  anhydrous  chloride  of  kakodyl  is  digested  for  three  hours,  at  a 
temperature  of  212°  (100''C),  with  slips  of  clean  metallic  zinc  con- 
tained in  a  bulb  blown  upon  a  glass  tube,  previously  filled  with  car- 
bonic acid  gas,  and  hermetically  sealed.  The  metal  dissolves  quietly 
without  evolution  of  gas.  When  the  action  is  complete,  and  the 
whole  cool,  the  vessel  is  observed  to  contain  a  white  saline  mass, 
which,  on  the  admission  of  a  little  water,  dissolves,  and  liberates  a 
heavy  oily  liquid,  the  kakodyl  itself  This  is  I'eudered  quite  pure  by 
distillation  from  a  fresh  quantity  of  zinc,  the  process  being  conducted 
in  the  little  apparatus  shown  in  the  margin,  which  is  made  from  a 
piece  of  glass  tube,  and  is  intended  to  serve  the  purpose  both  of 
retort  and  receiver.  The  zinc  is  introduced  into  the  upper  bulb,  and 
the  tube  drawn  out  in  the  manner  represented.  The  whole  is  then 
filled  with  carbonic  acid,  and  the  lower  extremity  put  into  communi- 
cation with  a  little  haud-syi-inge.  On  dipping  the  point  a  into  the 
crude  kakodyl,  and  making  a  slight  movement  of 
Fig.  165.        exhaustion,  the  liquid  is  drawn  up  into  the  bulb. 

Both  extremities  are  then  sealed  in  the  blowpipe 
flame,  and  after  a  short  digestion  at  212°  (100°C) 
or  a  little  above,  the  pure  kakodyl  is  distilled  off 
into  the  lower  bulb,  which  is  kept  cool.  It  forms 
a  colourless,  transparent,  thin  liquid,  much  resem- 
bling the  oxide  in  odour,  and  sui-passing  that  sub- 
stance in  inflammability.  When  poui-ed  into  the 
air,  or  into  oxygen  gas,  it  ignites  instantly ;  the 
same  thing  happens  with  chlorine.  With  very 
limited  access  of  air  it  throws  ofi  white  fumes, 
passinsr  into  oxide,  and  eventually  into  kakodylic 
acid.  "Kakodyl  boils  at  338°  (170°C),  and  when 
cooled  to  21°  (— 6°-lC)  crystallizes  in  large,  tran- 
sparent, square  prisms.  It  combines  directly  with 
sulphur  and  chlorine,  and,  in  fact,  may  readily  be 
made  to  furnish  all  the  compounds  previously  derived  from  the  oxide. 
It  constitutes  the  most  perfect  type  of  an  organic  g-Mast'-metal  whicli 
chemistry  yet  possesses. 
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Kakodyl  is  decomposed  by  a  temperature  inferior  to  redness  into 
metallic  arsenic,  and  a  mixture  of  2  measures  light  cai-bonetted  hydro- 
gen, and  1  measure  olefiant  gas. 

Chloride  of  kakodyl  forms  a  hydrate,  which  is  thick  and  viscid, 
and  readily  decomposable  by  chloride  of  calcium,  which  withdraws 
the  water.  In  the  preparation  of  the  chloride,  and  also  in  other 
operations,  a  small  quantity  of  a  red  amorphous  powder  is  often 
obtained,  called  erytrarsin.'  This  is  insoluble  in  water,  alcohol, 
ether,  and  caustic  potassa,  but  is  gradually  oxidized  by  exposure  to 
the  air,  with  production  of  arsenious  acid.    It  contains  C^HgOgAsj. 

Iodide  of  kakodyl,  Kdl. — This  is  a  thin,  yellowish  liquid,  of 
offensive  odour,  and  considerable  specific  gravity,  prepared  by  dis- 
tilling oxide  of  kakodyl  with  strong  solution  of  hydriodie  acid.  A 
yellow  crystalline  substance  is  at  the  same  time  formed,  which  is  an 
oxy-iodide.  Bromide  and  fluoride  of  kakodyl  have  likewise  been 
obtained  and  examined. 

Sulphide  of  kakodyl,  KdS,  is  prepared  by  distilling  chloride  of 
kakodyl  with  a  solution  of  the  bisulphide  of  barium  and  hydi'ogen. 
It  is  a  clear,  thin,  colourless  liquid,  smelling  at  once  of  alkarsin  and 
mercaptan,  insoluble  in  water,  and  spontaneously  inflammable  in 
the  air.  Its  boiling-point  is  high,  but  it  distils  easily  with  the  vapour 
of  water.  The  substance  dissolves  sulphur,  and  generates  tersul- 
phide  of  kakodyl,  KdSj,  which  is  a  sulphur-acid,  and  combines  with 
the  sulphides  of  gold,  copper,  bismuth,  lead,  and  antimony. 

Cyanide  of  kakodyl,  KdCy. — The  cyanide  is  easily  formed 
by  distilling  alkarsin  with  strong  hydrocyanic  acid,  or  cyanide  of 
mercury.  Above  91°  (32°'7C)  it  is  a  colourless,  ethereal  liquid, 
but  below  that  temperature  it  crystallizes  in  colourless,  foui'-sided 
prisms,  of  beautiful  diamond  lustre.  It  boils  at  about  284°  (140°C), 
and  is  but  slightly  soluble  in  water.  It  reqiiires  to  be  heated  before 
inflammation  occurs.  The  vapour  of  this  substance  is  most  fearfully 
poisonous :  the  atmosphere  of  a  room  is  said  to  be  so  far  contaminated 
by  the  evaporation  of  a  few  grains,  as  to  cause  instantaneous  numb- 
ness of  the  hands  and  feet,  vertigo,  and  even  unconsciousness. 

Kakodylic  acid  (alkargen)  ;  KdOj. — This  is  the  ultimate  pro- 
duct of  the  action  of  oxygen  at  a  low  temperature  upon  kakodyl  or 
its  oxide :  it  is  best  prepared  by  adding  oxide  of  mercury  to  that  sub- 
stance, covered  with  a  layer  of  water,  and  artificially  cooled,  until  the 
mixture  loses  all  odour,  and  afterwards  decomposing  any  kakodylate 
of  mercury,  that  may  have  been  formed,  by  the  cautious  addition  of 
more  alkarsin.  The  liquid  furnishes,  by  evaporation  to  dryness  and 
solution  in  alcohol,  crystals  of  the  new  acid.  The  sulphide,  and  other 
compounds  of  kakodyl,  yield,  by  exposure  to  air,  the  same  substance. 
Kakodylic  acid  forms  brilliant,  colourless,  brittle  crystals,  which  have 
the  form  of  a  modified  square  prism  ;  it  is  permanent  in  dry  air,  but 
deliquescent  in  a  moist  atmosphere.  It  is  very  soluble  in  water  and 
in  alcohol,  but  not  in  ether;  the  solution  has  an  .ncid  reaction. 
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When  mixed  with  alkalis  and  evaporated,  a  gummy,  amorphous  mass 
results.  With  the  oxides  of  silver  and  mercury,  on  the  other  hand, 
it  yields  crystallizable  compounds.  It  unites  with  oxide  of  kakodyl, 
and  forms  a  variety  of  combinations  with  metallic  salts.  Alkargen  is 
exceedingly  stable ;  it  is  neither  affected  by  red,  fuming  nitric  acid, 
aqua  regia,  nor  even  chromic  acid  in  solution  :  it  may  be  boiled  with 
these  substances  without  the  least  change.  It  is  deoxidized,  however, 
by  phosphorous  acid  and  protochloride  of  tin  to  oxide  of  kakodyl. 
Dry  hydriodic  acid  gas  decomposes  it,  with  production  of  water,  iodide 
of  kakodyl,  and  free  iodine  ;  hydrochloric  acid,  under  similar  circum- 
stances, converts  it  into  a  corresponding  terchloride,  which  is  solid 
and  crystallizable.  Lastly,  what  is  extremely  remarkable,  this  sub- 
stance is  not  in  the  least  degree  poisonous. 

Parakakodylic  oxide. — When  air  is  allowed  access  to  a  quantity 
of  alkarsin,  so  slowly  that  no  sensible  rise  of  temperature  follows, 
that  body  is  gradually  converted  into  a  thick  syrupy  liquid,  full  of 
crystals  of  kakodylic  acid.  Long  exposure  to  air,  or  the  passage  of  a 
copious  cun-ent  through  the  mass,  heated  to  158°  (70°C),  fails  to  in- 
duce crystallization  of  the  whole.  If  in  this  state  water  be  added, 
everything  dissolves,  and  a  solution  results  which  contains  kakodylic 
acid,  partly  free,  and  partly  in  combination  with  the  oxide  of  kakodyl. 
When  this  liquid  is  distilled,  water,  having  the  odour  of  alkarsin, 
passes  over,  and  afterwards  an  oily  liquid,  which  is  the  new  com- 
pound.   Impure  kakodylic  acid  remains  in  the  retort. 

Parakakodylic  oxide,  purified  by  rectification  from  caustic  baryta, 
is  a  colourless,  oily  liquid,  strongly  resembling  alkarsin  itself  in 
odour,  relations  to  solvents,  and  in  the  greater  number  of  its  reactions. 
It  neither  fumes  in  the  air,  however,  nor  takes  fire  at  common  tem- 
peratures; its  vapour  mixed  with  air,  and  heated  to  190°  (87°'8C), 
explodes  with  violence.  By  analysis,  it  is  found  to  have  exactly  the 
same  composition  as  ordinary  oxide  of  kakodyl. 
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SUBSTANCES  MOBE  OR  LESS  ALLIED  TO  ALCOHOL. 


WOOD-SPIRIT  AND  ITS  DERIVATIVES. 

In  the  year  1812,  Mr.  P.  Taylor  discovered,  among  the  liquid  pro- 
ducts of  the  destructive  distillation  of  dry-wood,  a  peculiar  volatile 
inflammable  liquid,  much  resembling  spirit  of  wine,  to  which  allusion 
has  already  been  made.  This  substance  has  been  shown  by  MM. 
Dumas  and  Peligot  to  be  a  second  alcohol,  forming  an  ether  and  a 
series  of  compounds,  exactly  corresponding  with  those  of  vinous  spirit, 
and  even  more  complete,  in  some  points,  than  the  latter.  Wood- 
spirit,  like  ordinary  alcohol,  may  be  regarded  as  an  hydrated  oxide 
of  a  body  like  ethyl,  containing  CjHj,  called  methyl.* 

A  very  great  number  of  compound  methyl-ethers  have  been  de- 
scribed; they  present  the  most  complete  parallelism  of  origin,  pro- 
perties, and  constitution  with  those  derived  from  common  alcohol. 

Wood-spirit  Series. 

Methyl  (symbol.  Me)       .       .       .  CjHg 

Oxide  of  methyl         ....  CjHgO 

Hydi'ide  of  methyl  (marsh-gas)         .  CjHgH 

Chloride  of  methyl      ....  C^HgCl 

Iodide  of  methyl,  &c.      .       .       .  C^Hgl 

Zinc-methyl   CjHgZn 

Wood-spirit   C2H30,H0 

Sulphate  of  oxide  of  methyl         .       .  031130,803 

Nitrate  of  oxide  of  methyl,  &c  .  CjHgCNOj 

Sulphomethylic  acid    ....  C2H30,2S03,HO 

Formic  acid   C„H  03,H0 

Chloroform   C^'H  CI3 

Hydrated  oxide  of  methyl  ;  pyeoxylic  spirit  ;  wood-spirit  • 
MeO,HO.— The  crude  wood-vinegar  probably  contains  about  J-  part 
of  this  substance,  which  is  separated  from  the  great  bulk  of  the^Uquid 

*  From  ixdev,  wine,  and  vK-q,  wood ;  the  termination  vKn,  or  vl.  is  verv 
frequently  employed  in  the  sense  of  matter,  material. 
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by  subjecting  the  whole  to  distillation,  and  collecting  apart  the  first 
portions  which  pass  over.  The  acid  solution  thus  obtained  is  neutral- 
ized by  hydrate  of  lime,  the  clear  liquid  separated  from  the  oil  which 
floats  on  the  surface,  and,  from  the  sediment  at  the  bottom  of  the  ves- 
sel, is  again  distilled.  A  volatile  liquid,  which  burns  like  weak 
alcohol,  is  obtained;  this  may  be  strengthened  in  the  same  manner 
as  ordinary  spirit,  by  rectification,  and  ultimately  rendered  pure  and 
anhydrous,  by  cai-eful  distillation  from  quicklime,  by  the  heat  of  a 
water-bath.  Pure  wood-spirit  is  a  colom-less,  thin  liquid,  of  peculiar 
odour,  quite  different  from  that  of  alcohol,  and  burning,  disagreeable 
taste  :  it  boils  at  152"  (66°-6C),  and  has  a  density  of  0-798  at  68° 
(20°C).  The  density  of  its  vapour  is  1-12.  Wood-spirit  mixes  in  all 
proportions  with  water,  when  pure ;  it  dissolves  resins  and  volatile 
oils  as  freely  as  alcohol,  and  is  often  substituted  for  alcohol  in  various 
processes  in  the  arts,  for  which  purpose  it  is  prepared  on  a  large  scale. 
It  may  be  burned  instead  of  ordinary  spirit  in  lamps ;  the  flame  is 
pale-coloured,  like  that  of  alcohol,  and  deposits  no  soot.  Wood-spirit 
dissolves  caustic  baryta;  the  solution  deposits,  by  evaporation  in 
vacuo,  acicular  crystals,  containing  BaO-|-MeO,HO.  Like  alcohol, 
it  dissolves  chloride  of  calcium  in  large  quantity,  and  gives  rise  to  a 
crystalline  compound,  resembling  that  formed  by  alcohol,  and  con- 
taining, according  to  Kane,  CaCl  -|-*2(MeO,HO"). 

Oxide  of  methyl;  wood-ether ;  MeO. —  One  part  of  wood- 
spirit  and  4  parts  of  concentrated  sulphuric  acid  are  mixed  and  ex- 
posed to  heat  in  a  flask  fitted  with  a  perforated  cork  and  bent  tube ; 
the  liquid  slowly  blackens,  and  emits  large  quantities  of  gas,  which 
may  be  passed  through  a  little  strong  solution  of  caustic  potassa,  and 
collected  over  mercury.  This  is  the  icood-spirit  ether,  a  permanently 
gaseous  substance,  which  does  not  liquefy  at  the  temperature  of  3° 
(  —  16°"1C).  It  is  colourless,  has  an  ethereal  odour,  and  burns  with 
a  pale  and  feebly  luminous  flame.  Its  specific  gravity  is  1'617.  Cold 
water  dissolves  about  33  times  its  volume  of  this  gas,  acquiring 
thereby  the  charactei-istic  taste  and  odour  of  the  substance;  when 
boiled,  the  gas  is  again  liberated.  Alcohol,  wood-spirit,  and  concen- 
trated sulphuric  acid,  dissolve  it  in  still  larger  quantity. 

Under  the  head  of  ether  it  has  been  mentioned  that  the  generally- 
received  relation  of  this  substance  to  the  other  ethyl-compounds  had 
been  rendered  doubtful  by  recent  researches.  Tlie  same  remark  of 
course  applies  to  methylic  ether,  which  is  in  every  respect  analogous 
to  common  ether.  It  was  first  proposed  by  Berzelius,  and  has  long 
been  urged  by  MM.  Laurent  and  Gerhardt,  that  the  composition  of 
alcohol  being  expressed  by  the  formula  C^HgOj,  the  true  fonnula  of 
ether  was  CgHi^Oj,  and  not  C^H^O.  The  correctness  of  this  \new 
has  lately  been  established  by  a  series  of  beautiful  experiments  carried 
out  by  Prof.  Williamson.  He  found  that  the  substance  produced  by 
dissolving  potassium  in  alcohol,  which  has  the  formula  C,,H,0,KO, 
when  acted  upon  by  iodide  of  ethyl,  furnishes  iodide  of  potassium 
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and  perfectly  pure  ether.  This  reaction  may  be  expressed  by  the  two 
following  equations : — 

C.H-O.KO  +  C.H^I  =  KI  +  2C4H5O,  or  • 
C,Hfi,KO  +  C,H,I  =  KI  +  C,H,„0,. 

That  in  this  reaction,  not  two  equivalents  of  ether  are  formed,  as  re- 
presented in  the  first  equation,  but  that  a  compound  CgHjoOj  is 
formed,  as  expressed  in  the  second,  is  clearly  proved  by  substituting, 
when  acting  upon  the  compound  C^H^O.IvO,  for  the  iodide  of  ethyl, 
the  corresponding  methyl-compound.  In  this  case  neitlier  common 
ether  nor  methyl-ether  is  formed,  but  an  intermediate  compound 
CgH302=:C4HjO,C2HgO.  This  substance  is  insoluble  in  water,  and 
has  a  peculiar  odour  similar  to  that  of  ether,  but  boils  at  50"  (10°C). 

It  is  very  probable  that  the  substances,  which  have  been  described 
by  the  terms  ethyl  and  methyl,  lilvewise  ai-e  not  C4H5  and  CjHg,  but 
CgHjo  and  CjHg.  The  limits  of  this  elementary  work  will  not  pennit 
us  at  present  to  enter  into  the  details  of  this  question,  which  is  still 
under  the  discussion  of  chemists. 

Chloride  of  methyl,  MeCl. — This  compound  is  most  easily  pre- 
pared by  heating  a  mixture  of  2  parts  of  common  salt,  1  of  wood- 
spirit,  and  3  of  concentrated  sulphuric  acid;  it  is  a  gaseous  body, 
which  may  be  conveniently  collected  over  water,  as  it  is  but  slightly 
soluble  in  that  liquid.  Chloride  of  methyl  is  colourless;  it  has  a 
peculiar  odour  and  sweetish  taste,  and  burns,  when  kindled,  with  a 
pale  flame,  greenish  towards  the  edges,  like  most  combustible  chlorine- 
compounds.  It  has  a  density  of  1"731,  and  is  not  liquefied  at  0" 
( — n°-7C).  The  gas  is  decomposed  by  transmission  through  a  red-hot 
tube,  with  slight  deposition  of  carbon,  into  hydrochloric  acid  gas  and 
a  carbonetted  hydrogen,  which  has  beeu  but  little  examined. 

Iodide  of  METHyL,  Mel,  is  a  colourless  and  feebly  combustible 
liquid,  obtained  by  distilling  together  1  part  of  phosphorus,  8  of  iodine, 
and  12  or  15  of  wood-spirit.  It  is  insoluble  in  water,  has  a  density 
of  2-237,  and  boils  at  111"  (43°-8C).  The  density  of  its  vapour  is 
4'883.  The  action  of  zinc  upon  iodide  of  methyl  in  sealed  tubes 
furnishes  a  colourless  gas,  apparently  a  mixture  of  several  substances, 
among  which  methyl  may  occur.*  The  residue  contains  iodide  of 
zinc,  together  with  a  volatile  substance  of  very  disagreeable  odour, 
which  absorbs  oxygen  with  so  much  avidity,  that  it  takes  fire  when 
coming  in  contact  with  the  air.  It  is  zinc-methyl,  C^HjZn,  cor- 
responding to  zinc-ethyl  (see  page  445),  and  may  be  obtained  by  dis- 
tilling the  residue  of  the  reaction  of  zinc  upon  iodide  of  methyl  in  an 
apparatus  filled  with  hydrogen.  When  mixed  with  water  it  yields 
oxide  of  zinc  and  light  carbonetted  hydrogen. 

Cyanide  of  methyl,  MeCy.— If  a  dry  mixture  of  sulphome- 

*  The  same  compound  is  beUeved  to  occur  among  the  substances  produced 
by  the  action  of  a  galvanic  current  upon  acetic  acid.  See  valeric  acid  page  477 
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thy  late  of  baryta  and  cyanide  of  potassium  are  heated  in  a  retort,  a 
very  volatile  liquid  of  a  powerful  odour  distils  over.  It  generally 
contains  hydrocyanic  acid  and  water,  from  which  it  is  separated  by 
distillation,  first  over  red  oxide  of  mercury,  and  then  over  anhydrous 
phosphoric  acid.  When  thus  purified,  it  has  an  agreeable  aromatic; 
odour,  and  boils  at  170°-6  (77°C).  When  boiled  with  potassa,  it 
undergoes  a  decomposition  analogous  to  that  of  cyanide  of  ethyl  (see 
page  426)  ;  it  absorbs  4  eq.  of  water,  and  yields  acetic  acid  and  am- 
monia. 

MeCy^C.HjN  C.HjCHO  =  C,H,  0, 

H4  O4  H3N 

It  has  been  mentioned  that  this  compound  may  be  obtained  by  ab- 
stracting 4  eq.  of  water  from  acetate  of  ammonia  by  means  of  phos- 
phoric acid.    (See  page  453.) 

Compounds  of  methyl  with  bromine,  fluorine,  and  sulphur  have  also 
been  obtained. 

Sulphate  of  oxide  of  methyl,  MeO.SOj. — This  interesting 
substance  is  prepared  by  distilling  1  part  of  wood-spirit  with  8  or  10  of 
strong  oil  of  vitriol :  the  distillation  may  be  carried  nearly  to  dryness. 
The  oleaginous  liquid  found  in  the  receiver  is  agitated  with  water,  and 
purified  by  rectification  from  powdered  caustic  baryta.  The  product, 
which  is  the  body  sought,  is  a  colourless  oily  liquid,  of  alliaceous 
odour,  having  a  density  of  1-324,  and  boiling  at  370«  (187°'7C).  It  is 
neutral  to  test-paper,  and  insoluble  in  water,  but  decomposed  by  that 
liquid,  slowly  in  the  cold,  rapidly  and  with  violence  at  a  boiling  tem- 
perature, into  sulphomethylic  acid  and  wood-spirit,  which  is  thus  re- 
produced by  hydration  of  the  liberated  methyhc  ether.  Anhydrous 
lime  or  baryta  have  no  action  on  this  substance ;  their  hydrates,  how- 
ever, and  those  of  potassa  and  soda,  decompose  it  instantly,  with  pro- 
duction of  a  sulphomethylate  of  the  base,  and  wood-spirit.  When 
neutral  sulphate  of  methyl  is  heated  with  common  salt,  it  yields  sul- 
phate of  soda  and  chloride  of  methyl  ;  with  cyanide  of  mercury  or  po- 
tassium, it  gives  a  sulphate  of  the  base,  and  cyanide  of  methyl ;  with 
dry  formate  of  soda,  sulphate  of  soda  and  formate  of  methyl.  These 
reactions  possess  great  interest. 

Nitrate  of  the  oxide  of  methyl,  MeOjNOj. — One  part  of 
nitrate  of  potassa  is  introduced  into  a  retort,  connected  with  a  tubu- 
lated receiver,  to  which  is  attached  a  bottle,  containing  salt  and  water, 
cooled  by  a  freezing-mixture ;  a  second  tube  serves  to  carry  off  the 
incondensable  gases  to  a  chimney.  A  mixture  of  one  part  of  wood- 
spirit  and  2  of  oil  of  vitriol  is  made,  and  immediately  poured  upon  the 
nitre  ;  reaction  commences  at  once,  and  requires  but  little  aid  from 
external  heat.  A  small  quantity  of  red  vapour  is  seen  to  arise,  and  an 
ethereal  liquid  condenses,  in  great  abundance,  in  the  receiver,  and  also 
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in  the  bottle.  When  the  process  is  at  an  end,  the  distilled  products 
are  mixed,  and  the  heavy  oily  liquid  obtained  separated  from  the 
water.  It  is  purified  by  several  successive  distillations  by  the  heat  of 
a  water-bath  from  a  mixture  of  chloride  of  calcium  and  litharge,  and, 
lastly,  rectified  alone  in  a  retort,  furnished  with,  a  thermometer  pass- 
ing through  the  tubulature.  The  liquor  begins  to  boil  at  about  140° 
(60OC)  ;  the  temperature  soon  rises  to  150°  (65°-5C),  at  which  point 
it  remains  constant ;  the  product  is  then  collected  apart,  the  first  and 
most  volatile  portions  being  contaminated  with  hydrocyanic  acid  and 
other  impm-ities.  Even  with  these  precautions,  the  nitrate  of  methyl 
is  not  quite  pure,  as  the  analytical  results  show.  The  properties  of  the 
substances,  however,  remove  any  doubts  respecting  its  real  nature. 

Nitrate  of  methyl  is  colourless,  neutral,  and  of  feeble  odour ;  its 
density  is  1-182  ;  it  boils  at  150"  (65°-5C),  and  burns,  when  kindled, 
with  a  yellow  flame.  Its  vapour  has  a  density  of  2"64,  and  is  emi- 
nently explosive;  when  heated  in  a  flask  or  globe  to  300°  (149°C),  or 
a  little  above,  it  explodes  with  fearful  violence ;  the  determination  of 
tlie  density  of  the  vapour  is,  consequently,  an  operation  of  danger. 
Nitrate  of  methyl  is  decomposed  by  a  solution  of  caustic  potassa  into 
nitrate  of  that  base  and  wood-spirit. 

Oxalate  of  oxide  of  methvl,  MeO,C203.— This  beautiful  and 
interesting  substance  is  easily  prepared  by  distilling  a  mixture  of 
ecjual  weights  of  oxalic  acid,  wood-spirit,  and  oil  of  vitriol.  A  spirit- 
uous liquid  collects  in  the  receiver,  which,  exposed  to  the  air,  quickly 
evaporates,  leaving  the  oxalic  methyl-ether  in  the  form  of  rhombic 
ti-ansparent  crystalline  plates,  which  may  be  purified  by  pressure  be- 
tween folds  of  bibulous  paper,  and  re-distilled  from  a  little  oxide  of 
lead.  The  product  is  colourless,  and  has  the  odour  of  common 
oxalic  ether;  it  melts  at  124°  (51°-1C),  and  boils  at  322°  (161°C).  It 
dissolves  freely  in  alcohol  and  wood-spirit,  and  also  in  water,  wliich, 
however,  rapidly  decomposes  it,  especially  when  hot,  into  oxalic  acid 
and  wood-spirit.  The  alkaline  hydrates  effect  the  same  change 
even  more  easily.  Solution  of  ammonia  converts  it  into  oxamide 
and  wood-spirit.  With  dry  ammoniacal  gas  it  yields  a  white,  solid 
substance,  which  crystallizes  from  alcohol  in  pearly  cubes ;  this  new 
body,  designated  oxamethylanc,  or  oxamate  of  metlwl,  contains 
C6H,NOg  =  C,H30,C,H,NO,,.  ^ ' 

Many  other  salts  of  oxide  of  methyl  have  been  formed  and  exa- 
mined. The  acetate,  MeO.C^HgOj,  is  abundantly  obtained  by  dis- 
tilling 2  parts  of  wood-spirit  with  1  of  crystallizable  acetic  acid 
and  1  of  oil  of  vitriol.  It  much  resembles  acetic  ether,  havino-  a  den- 
sity of  0-919,  and  boiling  at  VdQ"  (57''-8C) :  the  density  of  its°vapour 
IS  2-563.  This  compound  is  isomeric  with  formic  ether.  Formate 
of  methyl,  MeCC^HOg,  is  prepared  by  heating  in  a  retort  equal 
weights  of  sulphate  of  methyl  and  dry  formate  of  soda.  It  is  very 
volatile,  lighter  than  water,  and  is  isomeric  with  hydrate  of  acetic 
acid.    Chloro-carhonic  methyl-ether  is  produced  by  the  action  of  phos- 
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gene  gas  upon  wood-spirit;  it  is  a  colourless,  thin,  heavy,  and  very 
volatile  liquid,  containing  C^H.fi]0^-C^ti^O,C,^C\Oj.    It  yields  with 
dry  ammonia  a  solid   ciystallizable   substance,  called  uretliulane 
(See  page  432.) 

SuLPHOMETHYLic  ACID,  MeO,2S03,HO.— Sulphomcthylate  of 
baryta  is  prepared  in  the  same  manner  as  the  sulphovinate ;  1  part  of 
wood-spirit  is  slowly  mixed  with  2  parts  of  concentrated  sulphuric 
acid,  the  whole  heated  to  ebullition,  and  left  to  cool,  after  which  it  is 
diluted  with  water  and  neutralized  with  cai-bonate  of  baryta.  The 
solution  is  filtered  from  the  insoluble  sulphate,  and  evaporated,  first  in 
a  water-bath,  and  afterwai-ds  in  vacuo  to  the  due  degree  of  concentra- 
tion. The  salt  crystallizes  in  beautiful  square  colourless  tables,  con- 
taining BaO,  €21130,2803 -f2H0,  which  eflloresce  in  dry  air,  and 
ai-e  very  soluble  in  water.  By  exactly  precipitating  the  base  from 
this  substance  by  dilute  sulphuric  acid,  and  leaving  the  filtered  liquid 
to  evaporate  in  the  air,  hydi-ated  sulphomethylic  acid  may  be  procured 
in  the  form  of  a  sour,  syrupy  liquid,  or  as  minute  aoicular  crystals, 
very  soluble  in  water  and  alcohol.  It  is  very  instable,  being  decom- 
posed by  heat  in  the  same  manner  as  sulphovinic  acid.  Sulpliome- 
thylato  of  potassa  crystallizes  in  small,  nacreous,  rhombic  tables,  which 
are  deliquescent;  it  contains  KO,C2H30,2S03.  The  lead-salt  is 
also  very  soluble. 

Formic  acid. — As  alcohol  by  oxidation  under  the  influence  of 
finely-divided  platinum  gives  rise  to  acetic  acid,  so  wood-spirit,  under 
similar  circumstances,  yields  a  peculiar  acid  product,  produced  by 
the  substitution  of  2  eq.  of  oxygen  for  2  eq.  of  hydrogen,  to  which  the 
term  formic  acid  is  given,  from  its  occurrence  in  the  animal  kingdom, 
in  the  bodies  of  ants.  The  experiment  may  be  easily  made  by  en- 
closing wood-spirit  in  a  glass  jar  with  a  quantity  of  platinum-black, 
and  allowing  moderate  access  of  air;  the  spirit  is  gradually  converted 
into  formic  acid.  There  has  not  been  found  an  intermediate  product 
corresponding  to  aldehyde.  Anhydrous  formic  acid,  as  in  the  salts, 
contains  C2HO3,  or  the  elements  of  2  eq.  carbonic  oxide,  and  1  eq. 
water. 

Pure  hydrate  of  formic  acid,  C2H03,HO,  is  obtained  by  the  action 
of  sulphuretted  hydi  ogen  on  dry  formate  of  lead.  The  salt,  reduced 
to  fine  powder,  is  very  gently  heated  in  a  glass  tube  connected  with  a 
condensing  apparatus,  through  which  a  current  of  dry  sulphuretted 
hydrogen  gas  is  transmitted.  It  forms  a  clear,  colourless  liquid,  which 
fumes  slightly  in  the  air,  of  exceedingly  penetrating  odour,  boiling  at 
209°  (98°-5C),  and  crystallizing  in  large  brilliant  plates  when  cooled 
below  32°  (0°C).  The  sp.  gr.  of  the'acid  is  1-235;  it  mixes  with 
water  in  all  proportions ;  the  vapour  is  inflammable,  and  burns  with 
a  blue  flame.  A  second  hydrate,  containing  2  eq.  of  water,  exists  ; 
its  density  is  l-U,  and  it  boils  at  223°  (106°-1C).  In  its  concen- 
trated form  this  blister  is  extremely  corrosive  ;  it  attacks  the  skin, 
forming  a  blister  or  an  ulcer,  painful  and  difficult  to  heal.    A  more 
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dilute  acid  may  be  prep.ared  by  a  variety  of  processes;  starch,  sugar, 
iind  many  other  oi-ganic  substances  often  yield  formic  acid  when  heated 
with  oxidizing  agents;  a  convenient  method  is  the  following:—! 
part  of  sugar,  3  of  binoxide  of  manganese,  and  2  of  water,  are  mixed 
in  a  very  capacious  retort,  or  large  metal  still ;  3  parts  of  oil  of  vitriol, 
diluted  with  an  equal  weight  of  water,  are  then  added,  and  when  the 
first  violent  effervescence  from  the  disengagement  of  carbonic  acid  has 
subsided,  heat  is  cautiously  applied,  and  a  considerable  quantity  of 
liquid  distilled  over.  This  is  very  impure ;  it  contains  a  volatile  oily 
matter,  and  some  substance  which  commmunicates  a  pungency  not  pro- 
per to  formic  acid  in  that  dilute  state.  The  acid  liquid  is  neutralized 
with  carbonate  of  soda,  and  the  resulting  formate  purified  by  crys- 
tallization, and,  if  needful,  by  animal  charcoal.  From  this,  or  any 
other  of  its  salts,  solution  of  formic  acid  may  be  readily  obtained  by 
distillation  with  dilute  sulphuric  acid.  It  has  an  odour  and  taste 
much  resembling  those  of  acetic  acid,  reddens  litmus  strongly,  and  de- 
composes the  alkaline  carbonates  with  effervescence. 

Another  process  for  making  formic  acid  consists  in  distilling  dry 
oxalic  acid,  mixed  with  its  own  weight  of  sand  or  pumice-stone 
in  a  glass  retort.  Carbonic  oxide  and  carbonic  acid  are  disengaged, 
while  a  very  acid  liquid  distils,  which  is  foi'mic  acid  contaminated 
with  a  small  quantity  of  oxalic  acid.  By  re-distilling  this  mixture 
pure  formic  acid  is  obtained.  This  process  yields  a  very  strong  acid, 
but  only  a  small  quantity  in  proportion  to  the  oxalic  acid  employed. 

Formic  acid,  in  quantity,  may  be  extracted  fi'om  ants  by  distilling 
the  insects  with  water,  or  by  simply  macerating  them  in  the  cold 
liquid. 

Formic  acid  is  readily  distinguished  from  acetic  acid  by  heating  it 
with  a  little  solution  of  oxide  of  silver  or  mercury  ;  the  metal  is  re- 
duced, and  precipitated  in  a  pulverulent  state,  while  carbonic  acid  is 
evolved :  this  reaction  is  sufficiently  intelligible.  The  protochloride 
of  mercury  is  reduced,  by  the  aid  of  the  elements  of  water,  to  calomel, 
carbonic  and  hydrochloric  acids  being  formed. 

The  most  important  salts  of  formic  acid  are  the  following  : — Form- 
ate of  soda  crystallizes  in  rhombic  prisms  containing  2  eq.  of  water  ;  it 
is  very  soluble,  and  is  decomposed  like  the  rest  of  the  salts  by  hot  oil 
of  vitriol  with  evolution  of  pure  carbonic  oxide.  Fused  with  many  me- 
tallic oxides,  it  causes  their  reduction.  Fonnate  of  potassa  is  with 
difhculty  made  to  crystallize  from  its  great  solubility.  Formate  of 
ammonia  crystallizes  in  square  prisms ;  it  is  very  soluble,  and  is 
decomposed  by  a  high  temperature  into  hydrocyanic  acid  and  water 
the  elements  of  which  it  contains,  NH^O,C2H03— 4H0=:C2Nh! 
This  decomposition  is  perfectly  analogous  to  that  of  acetate  of  am- 
monia (see  page  453).  The  salts  of  baryta,  strontia,  lime,  and  mag- 
nesia form  small  prismatic  crystals,  soluble  without  difficulty.  Form- 
ate of  lead  crystallizes  in  small,  diverging,  colourless  needles,  which 
require  for  solution  40  pai'ts  of  cold  water.    The  formates  of  man- 
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fjanese,  protoxide  of  iron,  zinc,  nickel,  and  cohalt  are  also  crystalliz- 
able.  That  of  copper  is  very  beautiful,  constituting  bright  blue 
rhombic  prisms  of  considerable  magnitude.  Formate  silver  is  white, 
but  slightly  soluble,  and  decomposed  by  the  least  elevation  of  tem- 
perature. 

Chloroform. — This  substance  is  produced,  as  already  remarked, 
when  an  aqueous  solution  of  caustic  aliiali  is  made  to  act  upon  chloral'. 
It  may  be  obtained  with  greater  facility  by  distilling  alcohol,  wood- 
spirit,  or  acetone  with  a  solution  of  chloride  of  lime.  1  part  of  hy- 
drate of  lime  is  suspended  in  24  parts  of  cold  water,  and  chlorine 
passed  through  the  mixture  until  nearly  the  whole  lime  is  dissolved. 
A  little  more  hydrate  is  then  added  to  restore  the  alkaline  reaction, 
the  clear  liquid  mixed  with  one  part  of  alcohol  or  wood-spirit,  and,  after 
an  interval  of  24  hours,  cautiously  distilled  in  a  very  spacious  vessel. 
A  watery  liquid  containing  a  little  spirit  and  a  heavy  oil  collect  in  the 
receiver  ;  the  latter,  which  is  the  chloroform,  is  agitated  with  water, 
digested  with  chloride  of  calcium,  and  rectified  in  a  water-bath.  It  is 
a  thin,  colourless  liquid  of  agreeable  ethereal  odour,  much  resembling 
that  of  Dutch-liquid,  and  of  a  sweetish  taste.  Its  density  is  1*48,  and 
it  boils  at  141°-8  (ei^C)  ;  the  density  of  its  vapour  is  4-116.  Chloro- 
form is  with  difficulty  kindled,  and  burns  with  a  greenish  flame.  It 
is  nearly  insoluble  in  water,  and  is  not  affected  by  concentrated  sul- 
phuric acid.  Alcoholic  solution  of  potassa  decomposes  it,  with  produc- 
tion of  chloride  of  potassium  and  formate  of  potassa. 

Chloroform  may  be  prepared  on  a  larger  scale  by  cautiously  dis- 
tilling together  good  commercial  chloride  of  lime,  water,  and  alcohol. 
The  whole  product  distils  over  with  the  first  portions  of  water,  so  that 
the  operation  may  be  soon  interrupted  with  advantage. 

This  substance  has  been  called  strongly  into  notice  firom  its  re- 
markable effects  upon  the  animal  system  in  producing  temporary 
insensibility  to  pain  when  its  vapour  is  inhaled. 

Chloroform  contains  CjHClg,  it  is  changed  to  fonnic  acid  by  the 
substitution  of  3  eq.  of  oxygen  for  the  3  eq.  of  chlorine  removed 
by  the  alkaline  metal. 

Bromoform,  C^HBi'j,  is  a  heavy,  volatile  liquid,  prepared  by  a  si- 
milar process,  bromine  being  substituted  in  the  place  of  chlorine.  It  is 
converted  by  alkali  into  bromide  of  potassium  and  formate  of  potassa. 
Iodoform,  C^HIj,  is  a  solid,  yellow,  crystallizable  substance,  easily 
obtained  by  adding  alcoholic  solution  of  potassa  to  tincture  of  iodine, 
avoiding  excess,  evaporating  the  whole  to  dryness,  and  treating  the  re- 
sidue with  water.  Iodoform  is  nearly  insoluble  in  water,  but  dissolves 
in  alcohol,  and  is  decomposed  by  alkalis  in  the  same  manner  as  the 
preceding  compounds. 

FoRMOMETiiYLAL. — This  is  a  product  of  the  distillation  of  wood- 
spirit  with  dilute  sulphuric  acid  and  binoxide  of  manganese.  The 
distilled  liquid  is  saturated  with  potassa,  by  whicli  the  new  substance 
is  separated  as  a  light  oily  fluid.    When  purified  by  rectification,  it 
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is  colourless,  and  of  agreeable  aromatic  odour ;  it  has  a  density  of 
0-855,  boils  at  170°  (41  °C),  and  is  completely  soluble  in  three  parts 
of  water.  It  contains  CgHgO^.  It  corresponds  to  acetal,  and  may 
be  viewed  as  a  compound  of  2  eq.  of  ether  with  1  eq.  of  the  yet 
unknown  aldehyde  of  the  methyl-series,  CgHg04  =  2C2H30,C2H202. 

Methyl-mercaptan  is  prepared  by  a  process  similar  to  that  re- 
commended for  ordinary  mercaptan,  sulphomethylate  of  potassa  being 
substituted  for  the  sulphovinate  of  lime.  It  is  a  colourless  liquid,  of 
powerful  alliaceous  odour,  and  lighter  than  water ;  it  boils  at  68° 
(20°C),  and  resembles  mercaptan  in  its  action  on  red  oxide  of  mer- 
cury. 

Products  of  the  action  op  chlorine  on  the  compounds  of 
METHYL. — Chlorine  acts  upon  the  methylic  compounds  in  a  manner 
strictly  in  obedience  to  the  law  of  substitution  ;  the  carbon  invariably 
remains  intact,  and  every  proportion  of  hydrogen  removed  is  replaced 
by  an  equivalent  quantity  of  chlorine.  Methylic  ether  and  chlorine, 
in  a  dry  and  pure  condition,  yield  a  volatile  liquid  product,  containing 
CjHjClO  ;  the  experiment  is  attended  with  great  danger,  as  the  least 
elevation  of  temperature  gives  rise  to  a  violent  explosion.  This  pro- 
duct in  its  turn  furnishes,  by  the  continued  action  of  the  gas,  a  second 
liquid  containing  C^HCIjO.  The  whole  of  the  hydrogen  is  eventually 
lost,  and  a  third  compound,  CjCljO,  produced. 

Chloride  of  methyl,  C^HjCl,  in  like  manner  gives  rise  to  three 
successive  products.  The  first,  C^HjClj,  is  a  volatile  liquid,  much 
resembling  chloride  of  defiant  gas ;  the  second,  C^HClg,  is  no  other 
than  chlorofonn  ;  the  third  is  bichloride  of  carbon,  C^Cl^. 

Some  of  these  substances,  especially  chloroform  and  bichloride  of 
carbon,  have  been  obtained  also  by  the  action  of  chlorine  on  light 
carbonetted  hydrogen  (marsh-gas),  which  thus  becomes  connected 
with  the  methyl-series.  It  may  be  regarded  as  hydride  of  methyl,  a 
view  which  is  likewise  supported  by  its  formation  from  zinc-methyl 
(see  page  465)  ;  thus  we  have  the  following  series  : — 

Hydride  of  methyl     .       ,    C^HjH.    Light  carbonetted  hydrogen. 
Chloride  of  methyl  .       .  CHgCl. 
Chlorinetted  chloride  of  methyl  C^H^Clj. 
Bichlorinetted  „  „      C^HClj.  Chloroform. 

Trichlorinetted  „  „      C^Cl^.      Bichloride  of  carbon. 

The  acetate  of  methyl,  CgHgO,,  gives  CgH.Cl^O,,  and  C5H3CI3O, ; 
the  other  methyl-ethers  are  without  doubt  affected  in  a  similar 
manner. 

Commercial  wood-spiiit  is  very  frequently  contaminated  with  other 
substances,  some  of  which  are  with  gi-eat  difficulty  separated.  '  It 
sometimes  contains  aldehyde,  often  acetone  and  propione,  and  very 
frequently  a  volatile  oil,  which  is  precipitated  by  the  addition  of 
water,  rendering  the  whole  turbid.    The  latter  is  a  mixture  of  se- 
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reral  hydrocarbons,  very  analogous  to  tliose  contained  in  coal-tar.  A 
specimen  of  wood -spirit,  from  Wattwyl,  in  Switzerland,  was  found 
by  Gmelin  to  contain  a  volatile  liquid,  differing  in  some  respects 
from  acetone,  to  which  he  gave  the  term  lignone.  A  very  similar 
substance  is  described  by  Sehweizer  and  Weidmann,  under  the 
name  of  xylite.  Lastly,  Mr.  Pcanlan  has  obtained  from  wood-spirit 
a  solid,  yellowish-red,  crystallizable  substance,  called  eblanin.  Jt  is 
left  behind  in  the  retort  when  the  crude  spirit  is  rectified  from  lime ; 
it  is  insoluble  in  water,  sublimes  without  fusion  at  273°  (13.S°'9C), 
and  contains,  according  to  Dr.  Gregory,  C^iHyO^.  / 
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In  the  manufacture  of  potato-brandy  the  crude  .spirit  is  found  to  be 
contaminated  with  an  acrid  volatile  oil,  called  fuscl-oil,  which  is  ex- 
tremely difficult  to  separate  iu  a  complete  manner.  Towards  the  end 
of  the  distillation,  it  passes  over  in  considerable  quantity ;  it  may  be 
collected  apart,  agitated  with  several  successive  portions  of  water  to 
withdraw  the  spirit  with  which  it  is  mixed,  and  re-distilled.  Ac- 
cording to  the  researches  of  M.  Cahours,  this  substance  exhibits  i)ro- 
perties  indicative  of  a  constitution  analogous  to  that  of  alcohol ;  it 
may  be  considered  as  the  hydrate  of  the  oxide  of  the  hydrocai-bon, 
called  amyl,  containing  C,(,H,,.  The  ether  of  potato-oii,  and  a 
variety  of  other  compounds,  corresponding  in  every  point  to  those 
of  ordinary  alcohol,  have  been  formed,  as  will  be  manifest  from  an 
inspection  of  the  following  table  : — 

Amyl  (symbol  Ayl) 
Amyl-ether 
Hydride  of  amyl  . 
Potato-oil 

Chloride  of  amyl  . 
Bromide  of  amyl 
Iodide  of  amyl 
Zinc-amyl 
Acetate  of  amyl 
Sulphainylic  acid 
Amylene  . 

Anhydrous  valeric  acid 
Valeric  acid 

Hydrated  oxide  of  amyl  ;  FUSEL-OIL  ;  AylO,HO. — The  crude 
fusel-oil  of  potato-brandy  is  washed  with  water,  and  distilled  in  a  re- 
tort furnished  with  a  thermometer,  the  bulb  of  which  dips  into  the 
liquid.     The  portion  which  distils  between  2G0°  (126°-6C)  and 


C,(,H|,0 

C,oH,,H 

C,oH„0,NO 

C,„H„C1 

C,oH„Br 

C,oH,,I 

C,„N„Zn 

C,oH„0,2S03,HO 

^10^10 

C10H9O3 

C,„H,03,H0. 
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280°  (137°-8C)  is  collected  apart  and  re-distilled  in  the  same  manner, 
until  an  oil  is  obtained,  having  a  fixed  boiling-point  at  268°— 269'^ 
(131°-1C— 131°-7C).  Thus  purified,  it  is  a  thin  fluid  oil,  exhaling 
a  powerful  and  peculiarly  sutfocating  odour,  and  leaving  a  burning 
taste ;  it  inflames  with  some  difficulty,  and  then  burns  with  a  pure 
blue  flame.  Its  density  is  0-818.  It  undergoes  little  change  by 
contact  with  air  under  ordinary  circumstances  ;  but  when  warmed, 
and  dropped  upon  platinum-black,  it  oxidizes  to  valeric  acid,  which 
bears  the  same  relation  to  this  substance  that  acetic  acid  does  to 
ordinary  alcohol,  or  foraiic  acid  to  methyl-alcohol. 

The  action  of  heat  upon  fusel-oil  has  been  lately  studied  by  Captain 
Reynolds.  The  vapour  of  this  alcohol,  when  passed  through  a  red- 
hot  glass-tube,  yields  a  mixture  of  gases,  among  which  a  carbo- 
hydrogen  CgHg  predominates,  which  has  the  cliemical  character  of 
olefiant  gas,  and  to  which  the  name  propylene  has  been  given.  The 
separation  of  this  gaseous  mixture  has  hitherto  failed,  but  on  bringing 
the  gas  in  contact  with  chlorine  a  compound  CgHgCl.,  is  formed.  This 
is  a  heavy  liquid  boiling  at  217°*4  (103°C).  it  is  in  every  respect 
analogous  to  the  Dutch-liquid  (see  page  439),  originating  under 
similar  circumstances  from  olefiant  gas. 

Amtl-ether,  AylO. — If  amyl-alcohol  is  distilled  with  concen- 
trated sulphuric  acid,  a  mixture  of  several  substances  is  obtained,  which 
has  to  be  separated  by  distillation.  After  several  lectifications,  an 
oil  is  obtained,  which  has  a  sp.  gr.  0-779  and  boils  at  348°-8 
(176''C).  This  is  amyl-ether.  The  composition  is  C,oH,,0,  or,  if 
we  adopt  the  double  formulse  for  the  ethers,  C^gH^^O^.  Inter- 
mediate ethers  between  amyl-  and  ethyl-,  and  likewise  between  amyl- 
and  methyl-ether,  have  been  prepared.  They  contain  i-espectively 
C,,H,gO,=C,H,0,  C,oH„0  and  C,,E,,0,  =  C,E,0,C,,Il,fi. 

Chloride  of  amyl,  Ayl  CI.— The  chloride  is  procured  by  sub- 
jecting to  distillation  equal  weights  of  potato-oil  and  pentachloride  of 
phosphorus,  washing  the  product  repeatedly  with  alkaline  water,  and 
rectifying  it  from  chloride  of  calcium.  Less  pure  it  may  be  obtained 
by  saturating  fusel-oil  with  hydrochloric  acid.  It  is  a  colourless 
liquid,  of  agreeable  aromatic  odour,  insoluble  in  water,  and  neutial  to 
test-paper;  it  boils  at  215°  (101°-7C),  and  ignites  readily,  burning 
with  a  flame  green  at  the  edges.  By  the  long-continued  action  of 
chlorine,  aided  by  powerful  sunshine,  a  new  product,  chlorinetted 
chloride  of  amyl,  was  obtained  in  the  form  of  a  volatile  colourless 
liquid,  smelling  like  camphor,  and  containing  CjoHjClg  :  the  whole  of 
the  hydrogen  could  not,  however,  be  removed. 

Bromide  of  amyl,  Ayl  Br,  is  a  volatile,  colourless  liquid,  heavier 
than  water.  It  is  obtained  by  distilling  fusel-oil,  bromine  and  phos- 
phorus together.  (See  bromide  of  ethyl,  page  426.)  Its  odour  is 
penetratmg  and  alliaceous.  The  bromide  is  decomposed  by  an  alco- 
holic solution  of  potassa,  with  production  of  bromide  of  the  metal. 

Iodide  of  amyl,  Ayl  I,  is  procured  by  distOling  a  mixture  of  15 
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parts  of  potato-oil,  8  of  iodine,  and  1  of  phosphorus.  It  is  colourless 
when  pure,  heavier  than  water,  volatile  without  decomposition  at 
294'''8  (146''C),  and  resembles  in  other  respects  the  bromide  ;  it  is 
partly  decomposed  by  exposure  to  light.  Iodide  of  amyl,  when 
heated  in  sealed  tubes  with  zinc  to  374°  (190''C),  yields  amyl,  a 
colourless  liquid  of  an  ethereal  odour  containing  C,oH,j,  and  boiling 
at  311°  (155°C).  Together  with  this  substance  there  is  formed 
iodide  of  zinc  and  zinc-amyl  CioH,iZn,  which,  when  coming  in  con- 
tact with  water  is  decomposed  into  oxide  of  zinc  and  hydride  of  amyl, 
C,oH,2  =  CioHiiH,  an  exceedingly  volatile  substance,  boiling  at  86° 
(30°C). 

Cyanide  of  amyl,  Ayl  Cy.— Colourless  liquid  of  0-806  sp.  gr.,  and 
boiling  at  294°-8  (146°C),  which  is  obtained  by  distilling  cyanide  of 
potassium  with  sulphamylate  of  potassa.  Boiled  with  potassa,  this 
compound  acid  undergoes  a  decomposition  analogous  to  that  of  cyanide 
of  ethyl  and  methyl  (see  pages  426  and  465)  ;  it  absorbs  4  eq.  of  water, 
and  furnishes  ammonia  and  the  potassa-salt  of  caproic  acid,  Ci2H,204, 
one  of  the  constituents  of  butter,  Cj2H,,N+4H0  =  Ci2H,204+NH3. 

Acetate  of  oxide  of  amyl,  AylO,C4H303. — This  interesting 
product  is  easily  obtained  by  submitting  to  distillation  a  mixture  of  1 
pai't  of  potato-oil,  2  parts  of  acetate  of  potassa,  and  1  part  of  concen- 
trated sulphuric  acid ;  it  is  purified  by  washing  with  dilute  alkali, 
and  distillation  from  chloride  of  calcium.  It  presents  the  appearance 
of  a  colourless,  limpid  liquid,  which  is  insoluble  in  water,  soluble  in 
alcohol,  boils  at  272°  (133°-3C),  and  becomes  converted  by  an  alcoho- 
lic solution  of  potassa  into  an  acetate  of  that  base,  with  reproduction 
of  fusel-oil.  This  ether  possesses  in  a  remarkable  manner  the  odour 
of  the  Jargonelle-pear.  It  is  now  manufactured  upon  a  large  scale  for 
flavouring  liquors  and  confectionary. 

Carbonate  of  oxide  of  amyl,  AylO,C02. — This  ether  has  been 
lately  obtained  by  Mr.  Medlock  by  saturating  fusel-oil  with  phosgene- 
gas  (chloro-carbonic  acid).  A  compound,  AylOjCaClOg,  analogous  to 
chloro-carbonic  ether  is  first  produced,  which,  when  treated  with  water, 
yields  hydrochloric  and  carbonic  acids,  together  with  carbonate  of 
amyl  (AylO,CgC103-l-HO  =  AylO,C02-FHCl-|-C02).  Carbonate^ of 
amvl  is  a  colourless  liquid  of  an  aromatic  odour,  boiling  at  438°*8 
(226°C).  Alcoholic  solution  of  potassa  converts  this  ether  into 
fusel-oil,  carbonate  of  potassa  being  formed  at  the  same  time. 

Sulphide  of  amyl,  amyl-mercaptan,  and  numerous  other  com- 
pounds of  like  nature,  have  been  described. 

SuLPHAMYLiC  ACID.— When  equal  weights  of  potato-oil  and  strong 
sulphuric  acid  are  mixed,  heat  is  evolved,  accompanied  by  blackening 
and  partial  decomposition.  The  mixture  diluted  with  water,  and 
saturated  with  carbonate  of  baryta,  affords  sulphate  of  that  base,  and 
a  soluble  salt  corresponding  to  tlie  sulphovinate.  The  latter  may  be 
obtained  in  a  crystalline  state  by  gentle  evaporation,  and  purified  by 
re-solution  and  the  use  of  animal  charcoal.    It  forms  small,  bnlhant. 
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pearly  plates,  very  soluble  in  water  and  alcohol,  containing  BaO, 
CioHiiO,2S03-|-HO.  The  baryta  may  be  precipitated  from  the  salt 
by  dilute  sulphuric  acid,  and  the  hydrated  sulphamylic  acid  concen- 
trated by  spontaneous  evaporation  to  a  syrupy,  or  even  crystalline 
state;  it  has  an  acid  and  bitter  taste,  strongly  reddens  litmus-paper, 
and  is  decomposed  by  ebullition  into  potato-oil  and  sulphuric  acid, 
The  potassa-salt  forms  groups  of  small  radiated  needles,  very  soluble 
in  water.  The  sulphamylates  of  lime  and  protoxide  of  lead  are  also  so- 
luble and  crystallizable. 

Amylene.— By  the  distillation  of  potato-oil  with  anhydrous  phos- 
phoric acid,  a  volatile,  colourless,  oily  liquid  is  procured,  quite  dif- 
ferent in  properties  from  the  original  substance.  It  is  lighter  than 
water,  boils  at  102°*2  (39°C),  and  contains  no  oxygen.  Its  composi- 
tion is  represented  by  the  formula  CjoHio;  consequently  it  not  only 
corresponds  to  defiant  gas  in  the  alcohol-series,  but  is  isomeric  with 
that  substance.  Like  olefiant  gas  it  combines  directly  with  chlorine 
and  bromine,  giving  rise  to  compounds  CioHjj.Clg  and  CioHioBrg. 
The  vapour,  however,  has  a  density  of  2-68,  which  is  2J  times  that  of 
olefiant  gas,  every  measure  containing  5  measures  of  hydrogen. 

Together  with  this  substance  several  other  hydrocarbons  are  formed, 
especially  one  to  which  the  name  paramylene  has  been  given.  It  con- 
tains CgoHgo,  and  boils  at  320°  (160°C). 

Valeric  or  valerianic  acid. — M.  Dumas  has  shown  that  when  a 
mixture  of  equal  parts  quicklime  and  hydrate  of  potassa  is  moistened 
with  alcohol,  and  the  whole  subjected  to  a  gentle  heat,  out  of  contact 
of  air,  the  alcohol  is  oxidized  to  acetic  acid,  with  evolution  of  pure 
hydrogen  gas.  At  a  higher  temperature  the  acetate  of  potassa  pro- 
duced is  in  turn  decomposed,  yielding  carbonate  of  potassa  and  light 
cai-bonetted  hydrogen.  Wood-spirit,  by  similar  treatment,  yields 
hydrogen  and  formate  of  potassa,  which,  as  the  heat  increases,  becomes 
converted  into  carbonate,  with  continued  disengagement  of  hydrogen. 
In  like  manner  potato-oil,  the  third  alcohol,  suffers,  under  similar  cir- 
cumstances, conversion  into  a  new  acid,  bearing  to  it  the  same  relation 
that  acetic  acid  does  to  common  alcohol  and  foi-mic  acid  to  wood- 
spirit,  hydrogen  being  at  the  same  time  evolved.  The  body  thus  pro- 
duced is  found  to  be  identical  with  a  volatile  oily  acid  distilled  from 
the  root  of  the  Valeriana  officinalis. 

In  preparing  artificial  valeric  acid,  the  potato-oil  is  heated  in  a 
flask  with  about  ten  times  its  weight  of  the  above-mentioned  alkaline 
mixture  during  the  space  of  10  or  12  hours;  the  heat  is  applied  by  a 
bath  of  oil  or  fusible-metal  raised  to  the  temperature  of  390  (1 98°"8C) 
or  400°  (204° -40).  When  cold,  the  nearly-white  solid  residue  is 
mixed  with  water,  an  excess  of  sulphuric  or  phosphoric  acid  added 
and  the  whole  subjected  to  distillation.  The  distilled  liquid  is  super- 
saturated with  potassa,  evaporated  nearly  to  dryness,  to  dissipate  any 
undecomposed  potato-oil,  and  then  mixed  with  somewhat  diluted  sul- 
phuric acid  in  excess.     The  greater  part  of  the  valeric  acid  then 
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separates  as  an  oily  liquid,  lighter  than  water :  this  is  a  terhydrate  of 
the  acid,  containing  three  equivalents  of  water,  one  of  which  is  basic. 
When  this  hydrate  is  distilled  alone,  it  uudeigoes  decomposition  : 
water,  with  a  little  of  the  acid,  first  appears,  and  eventually  the  pure 
acid,  in  the  form  of  a  thin,  fluid,  colourless  oil,  of  the  persistent  and 
characteristic  odour  of  valerian-root.  It  has  a  sharp  and  acid  taste 
reddens  litmus  strongly,  bleaches  the  tongue,  and  burns  when  inflamed 
with  a  bright,  yet  smoky  light.  Valeric  acid  has  a  density  of 
0-937  ;  it  boils  at  370°  (1750C).  Placed  in  contact  with  water,  it 
absorbs  a  certain  quantity,  and  is  itself  to  a  certain  extent  soluble. 
The  salts  of  this  acid  present  but  little  interest,  as  few  among  them 
seem  to  be  susceptible  of  crystallizing.  The  liquid  acid  is  found  by 
analysis  to  contain  CjoHgOg.HO,  and  the  silver-salt,  AgOjCjoHgOj. 
The  ether-compound  of  valeric  acid  has  been  already  mentioned 
(page  430).  By  treatment  with  ammonia  this  ether  is  converted  into 
valeramide,  C,oH,,N02  =  C,oHgO,,NH2  (analogous  to  acetamide), 
which,  under  the  influence  of  anhydrous  phosphoric  acid,  loses  2  more 
eq.  of  water,  becoming  valeronitrile,  C,pHgN  =  CgHg,C,N,  or  cyanide  of 
butyl.  The  foi-mer  is  a  fusible  crystalline  substance,  the  latter  a  vola- 
tile liquid,  having  a  boiling-point  of  257°  (125°C).  It  was  first 
obtained  by  the  action  of  oxidizing  agents  upon  gelatine.  (See  Section 
VIII.,  on  the  Components  of  the  Animal  Body). 

A.  more  advantageous  mode  of  preparing  valeric  acid  is  the  follow- 
ing: — 4  parts  of  bichromate  of  potassa  in  powder,  6  parts  of  oil  of 
vitriol,  and  8  parts  of  water  are  mixed  in  a  capacious  retort ;  1  part  of 
pure  potato-oil  is  then  added  by  small  portions,  with  strong  agitation, 
the  retort  being  plunged  into  cold  water  to  moderate  the  violence  of 
the  reaction.  When  the  change  appears  complete,  the  deep-green 
liquid  is  distilled  nearly  to  dryness,  the  product  mixed  with  excess  of 
caustic  potassa,  and  the  aqueous  solution  separated  mechanically  fi'om 
a  pungent,  colourless,  oily  liquid  which  floats  upon  it,  and  which  is 
valerate  of  amyl.  The  alkaline  solution  is  then  evapoi'ated  to  a 
small  bulk,  and  decomposed  by  sulphuric  acid,  as  already  directed. 

Valeric  acid  is  found  in  angelica  root,  in  the  bark  of  Viburnum 
opulus,  and  probably  exists  in  many  other  plants ;  it  is  generated  by 
the  spontaneous  decomposition  of  azotized  substances,  animal  and  vege- 
table, and  is  produced  in  many  chemical  reactions  in  which  oxidizing 
agents  are  employed. 

If  an  open  jar  be  set  in  a  plate  containing  a  little  water,  and 
having  beneath  it  a  capsule  with  heated  platinum-black,  upon  which 
potato-oil  is  slowly  dropped  in  such  quantity  as  to  be  absorbed  by  the 
powder,  the  sides  of  the  jar  become  speedily  moistened  with  an  acid 
liquid,  which  collects  in  the  plate,  and  may  be  easily  examined.  This 
liquid,  saturated  with  baryta-water,  evaporated  to  dryness,  and  tlie 
product  distilled  with  solution  of  phosphoric  acid,  yields  valeric  acid. 

Some  veiy  beautiful,  and  for  the  progress  of  organic  chemistry,^ 
liighly-important  results  have  lately  been  obtained  by  the  action  of 
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electricity  upoa  valeric  acid.  By  submitting  a  solution  of  valerate 
of  potassa  to  a  galvanic  current,  produced  by  4  elements  of  Bunsea's 
battery,  Dr.  Kolbe  observed  that  potassa  and  pure  hydrogen  were 
evolved  at  the  negative  pole,  while  at  the  positive  pole  valeric 
and  carbonic  acids,  an  odorous  inflammable  gas,  and  an  ethei'eal 
liquid,  made  their  appearance.  The  inflammable  gas  obtained  in  this 
reaction  is  a  carbohydrogen  CgHg,  which  had  been  previously  isolated 
by  Mr.  Faraday  fi-om  the  oily  products  separated  from  compressed  oil 
gas.  This  substance,  to  which  the  name  hutylene  has  been  given, 
is  perfectly  analogous  to  defiant  gas  (ethylene),  propylene,  and 
amylene,  which  have  been  previously  described.  It  combines  with 
chlorine  and  bromine,  forming  substances  analogous  to  Dutch-liquid. 
The  oily  liquid  formed  together  with  butylene,  in  the  electrolysis  of 
valeric  acid,  is  a  mixture  of  several  substances,  among  which  a 
hydrocarbon,  of  the  remarkable  composition  CgHg,  predominates.  This 
body  to  which  the  name  hutyl  or  valyl  has  been  given,  is  a  colourless 
liquid,  of  an  agreeable  ethereal  odour,  and  boils  at  226° "4  (lOS^C). 
Kolbe  believes  that  this  hydrocarbon  must  be  viewed  as  a  compoimd 
analogous  to  methyl,  ethyl,  and  amyl,  and  that  it  fonns  the  radical 
of  an  alcohol  not  discovered  at  the  period  of  his  reseai'ches,  but 
.since  fomid  by  M.  Wurtz,  as  a  constituent  of  crude  fusel-oil  (see 
page  479);  this  alcohol  has  the  formula  CgHgO,HO,  and  is  analogous 
to  methyl-,ethyl-,  tmd  amyl-alcohols,  and  furnishes  by  oxidation  the 
acid  CjH,03,H0,  i.  e.,  butyric  acid,  just  as  the  three  alcohols  men- 
tioned are  converted  respectively  into  formic,  acetic,  and  valeric  acids. 
Kolbe  considers  butyl  to  be  one  of  the  proximate  constituents  of 
valeric  acid,  which  he  views  as  an  intimate  combination  of  butyl 
with  oxalic  acid,  butyl-oxalic  acid  Ci^HyOy.HO  =  C,Hg,C203,HO. 
According  to  this  view,  the  transformation  of  valeric  acid  under  the 
influence  of  the  galvanic  current  is  readily  explained.  The  oxygen 
evolved  at  the  positive  pole  by  the  electrolysis  of  water  oxidizes  the 
oxalic  to  carbonic  acid,  and  liberates  the  butyl,  portions  of  which  are 
farther  attacked  by  the  oxygen,  and  deprived  of  1  eq.  of  hydrogen, 
thus  giving  rise  to  the  simultaneous  evolution  of  butylene.  If  this 
view  holds  good  for  butyric  acid,  it  must  be  equally  true  of  pro- 
pionic, acetic,  and  formic  acid,  and  of  a  great  number  of  analogous 
acids,  which  will  be  described  in  the  subsequent  chapters  of  this 
Manual. 

Butyric  acid  will  be  propyl-oxalic  acid,  propionic  acid  ethyl-oxalic, 
acetic  acid  methyl-oxalic,  and  lastly,  formic  acid  hydro-oxalic  acid' 
thus—  ' 


Formic  acid.  .       .           HO3,  H0=    H  ,C„0„HO 

Acetic  acid  .       .       .    C,  H303,HO  =  C,H3,C\0  ,H0 

Propionic  acid  .       .       C3  H503,HO  =  C,H„C,03,HO 

Bu  yricacKl  .       .       .        H,03,H0  =  C,H  A©  ,H0 

Valencac.d.  .       .       C,„H,03,H0=  cX^O  ,H0 
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This  view  is  borne  out  by  the  electrolytic  decomposition  of  acetic 
acid,  which  yields  a  gas,  considered  by  Kolbe  to  be  methyl.  Several 
collateral  facts  have  furnished  additional  support  to  this  theory ; 
amongst  which  may  be  quoted  the  remarkable  deportment  of  the 
ammonia-salts  of  these  acids  under  the  influence  of  anhydrous  phos- 
phoric acid.  In  this  reaction,  oxalic,  formic,  acetic,  propionic,  and 
valeric  acids,  yield  respectively  cyanogen  and  the  cyanides  of  hydrogen, 
methyl,  ethyl,  and  butyl. 

NH,0,  C203-4H0=  CjN 
NH4O,  H,  C203-4HO=  H,  CjN 
NH,0,C2H3,C203  -  4H0  =  CHj.C.N 
NH,0,C,H5,C,03  -  4H0  =  C;H5,C,N 
NH,0,C8H9,C;03  -  4HO=C8Hg,C2N 

We  have  seen,  moreover,  that  the  cyanides  of  methyl  and  ethyl,  when 
treated  with  the  alkalis,  are  readily  reconverted  into  acetic  and  pro- 
pionic acid,  and  in  the  section  on  cyanogen  it  will  be  shown  that  this 
substance  and  hydrocyanic  acid  are  indeed  easily  convertible  into  oxa- 
late and  foi-mate  of  ammonia.  All  these  facts  are  readily  intelligible 
by  the  view  proposed  by  Dr.  Kolbe. 

TRiCHLOROVALEPac  ACID. — When  di-y  chlorine  is  passed  for  a  long 
time  into  pure  valeric  acid,  in  the  dark,  the  gas  is  absoi  bed  in  great 
quantity,  and  much  hydrochloric  acid  produced :  towards  the  end  of 
the  operation  a  little  heat  becomes  necessary.  The  product  is  a  semi- 
fluid transparent  substance,  heavier  than  water,  odourless,  and  of 
acrid  burning  taste.  It  does  not  congeal  when  exposed  to  a  very 
low  temperature,  but  acquires  complete  fluidity  when  heated  to  86° 
(30°C).  It  cannot  be  distilled  without  decomposition.  When  put  into 
water  it  forms  a  thin,  fluid  hydrate,  which  afterwards  dissolves  to  a 
considerable  extent.  This  body  is  freely  soluble  in  alkalis,  from  which 
it  is  again  precipitated  by  the  addition  of  an  acid.  Trichlorovaleric 
acid  contains  C[g(HgCl3)03,HO. 

QuADRiCHLOROVALERic  ACID. — This  is  the  ultimate  product  of  the 
action  of  chlorine  on  the  preceding  substance,  aided  by  exposure  to  the 
sun.  It  resembles  trichlorovaleric  acid  in  appearance  and  properties, 
being  semi-fluid  and  colourless,  destitute  of  odour,  of  powerful  pungent 
taste,  and  heavier  than  water.  It  can  neither  be  solidified  by  cold, 
nor  distilled  without  decomposition.  In  contact  with  water,  it  forms 
a  hydrate  containing  3  eq.  of  that  substance,  which  is  slightly  soluble. 
In  alcohol  and  ether  it  dissolves  with  facility.  It  forms  salts  with 
bases,  of  which  the  best  defined  is  that  of  silver.  Quadrichlorovaleric 
acid  is  composed  of  C,|,(HjCl4)03,HO. 

Fusel-oil  of  grain-spirit. — The  fusel-oil,  separated  in  large 
quantities  from  grain-spirit  by  the  London  rectifiers,  consists  chiefly  of 
potato-oil  (hydrated  oxide  of  amyl)  mixed  with  alcohol  and  wafer.— 
Sometimes  it  contains  in  addition  more  or  less  of  the  ethyl-  or  amyl- 
compounds  of  certain  fatty  acids  thought  to  have  been  identified  with 
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cenanthic  and  margaric  acids.  These  last-named  substances  form  the 
principal  part  of  the  nearly  solid  fat  produced  in  this  manner  in 
whiskey-distilleries  conducted  on  the  old  plan.  Mulder  has  described, 
under  the  name  oi  corn-oil,  another  constituent  of  the  crude  fusel-oil  of 
Holland ;  it  has  a  very  powei-ful  odour  resembling  that  of  some  of  the 
umbelliferous  plants,  and  is  unaffected  by  solution  of  caustic  potassa. 
According  to  Mr.  Rowney,  the  fusel-oil  of  the  Scotch  distilleries  con- 
tains in  addition  a  certain  quantity  of  capric  acid,  C^gH^gO^,  which  is 
one  of  the  constituents  of  butter.  Potato-oil  has  been  separated  from 
the  spirit  distilled  from  beet-molasses,  and  from  artificial  grape-sugar 
made  by  the  aid  of  sulphuric  acid.  Although  much  obscurity  yet 
hangs  over  the  history  of  these  substances,  it  is  generally  supposed 
that  they  are  products  of  the  fermentation  of  sugar,  and  have  an  origin 
contemporaneous  with  that  of  common  alcohol. 

Propvlic  alcohol. — The  fusel-oil  of  niarc-brandy  of  the  south  of 
France  was  found  by  M.  Balard  to  contain  potato-oil  and  cenanthic 
ether.  M.  Chamel  has  lately  observed  that  this  fusel-oil  contains  in 
addition  a  new  alcohol,  which  he  calls  hydi'ated  oxide  of  trityl,  but 
which  receives  the  more  appropriate  term  propylic  alcohol.  By 
repeatedly  rectifying  the  first  products  obtained  in  the  distillation  of 
the  fusel-oil,  a  substance  is  at  last  procured,  which  boils  at 
204°-8  (OG'C),  and  the  composition  of  which  is  represented  by 
the  formula  CgHj02  =  CgH70,HO.  It  is  very  soluble  in  water,  but 
does  not  dissolve  in 'that  liquid  in  all  proportions.  This  liquid 
possesses  all  the  properties  of  an  alcohol :  heated  with  concentrated 
sulphuric  acid,  it  yields  a  conjugate  acid  analogous  to  sulphovinic 
acid,  the  potassa-salt  of  which  has  the  formula  CgH70,S03,KO,S03 : 
when  submitted  to  the  action  of  oxidizing  agents,  it  is  readily  con- 
verted into  propionic  acid  (see  page  457).  The  fusel-oil  of  marc- 
brandy  appears  to  contain  moreover  another  alcohol. 

BuTYLic  ALCOHOL. — This  substance  has  been  lately  found  by 
M.  Wm'tz  to  be  present  in  certain  varieties  of  potato-oil.  In  order 
to  obtain  it,  the  potato-oil  is  submitted  to  fractional  distillation,  and 
the  liquid  boiling  between  226°  and  244°  (108  and  118"C)  repeatedly 
rectified  over  hydrate  of  potassa,  imtil  the  boiling-point  becomes 
constant  at  233-6°  (112°C).  Pure  butylic  alcohol  is  a  colourless 
liquid,  of  a  powerful  odour,  lighter  than  water,  in  which  it  dissolves 
to  a  certain  extent.  Its  formula  is  C8H,g02  =  CgHgO.HO,  i.  e.,  bydrated 
oxide  of  butyl.  With  sulphuric  acid  it  furnishes  a  conjugate  acid 
analogous  to  sulphovinic  acid,  the  potassa-salt  of  which  contains 
C8HgO,S03,KO,S03 ;  when  fused  with  potassa,  or  submitted  to  the 
action  of  other  oxidizing  agents,  butylic  alcohol  is  converted  into  butyric 
acid,  which  has  been  noticed  already  in  page  420,  and  which  will  be 
mentioned  again  in  the  section  on  Oils  and  Fats.  The  radical  butyl 
which  may  be  assumed  in  this  new  alcoiiol,  has  been  noticed  in 
page  477. 
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It  is  impossible  to  leave  the  history  of  the  alcohols  without  alluding 
to  some  results  of  great  importance  for  the  elucidation  of  organic 
compounds  generally,  which  the  study  of  these  substances  has  elicited. 
When  describing  the  several  alcohols,  discussed  in  the  preceding  chap- 
ter, we  have  repeatedly  pointed  out  the  remarkable  analogy  presented 
by  the  properties  and  the  general  deportment  of  these  bodies.  If  we 
compare  the  composition  of  these  alcohols, 

Methyl-alcohol  .       .       .       .    Cj  Oj 

Ethyl-alcohol  .       .       .       .           Hg  0^ 

Propyl-alcohol  .       .       .       ,    Cg  Hg  Oj 

Butyl-alcohol  .        .       .       .  E^fi^ 

Amyl-alcohol  ....  Cj^Hj^Oj 

we  find  that  their  formulae  present  an  immistakable  symmetry.  All 
contain  the  same  amount  of  oxygen,  only  the  carbon  and  hydrogen 
vary.  This  variation,  however,  takes  place  in  very  simple  relations. 
Thus  we  find  the  difference  of  ethyl-  and  methyl-alcohol  to  be 
C^HgO,  —  CjH^Oj  =  C^H.^,  the  difference  of  methyl  and  propyl- 
alcohof  to  be  CgHaOj  —  C^H^O^  =  C^H^  =  SC^H^,  the  difference 
of  amyl-and  methyl-alcohol  to  beCjoHjjOj — C2H^02  =  CgHg  =  4C2H2. 
The  same  elementary  difference  of  course  prevails  likewise  between  all 
the  derivatives  of  the  three  alcohols: 


H3I 

C,  Hj  I  =  C2H3I  +  C.Hj 
Cg  H7  I  =  C2H3I  +  2C,^H„ 
C,oH„I  =  C,R,l  +  4C2H; 


Iodide  of  methyl 
Iodide  of  ethyl 
Iodide  of  propyl 
Iodide  of  amyl 
or 

Formic  acid  . 
Acetic  acid 
Propionic  acid 
Valeric  acid 


C,  H  Oa.HO 
C4  H3  03,H0 
nun  uci 


=  CjHOj.HO-h  CjHj 
=  CjHOg.HO-haCjH^ 
=  CjH03,HO-f-4C2H2 


Methylic,  ethylic,  propylic,  butylic,  and  amylic  alcohols  are  by  no 
means  the  only  members  of  this  class  which  are  known.  In  the 
succeeding  sections  of  this  work  will  be  noticed  a  series  of  compounds, 
evidently'^of  a  perfectly  analogous  character,  which  have  been  dis- 
covered in  various  departments  of  organic  chemistry.  By  submitting 
castor-oil  to  a  series  of  processes,  M.  Bouis  has  fonned  an  alcohol, 
which  has  been  called  "  caprylic  alcohol."  According  to  M.  Dumas 
spermaceti  contains  another  analogous  substance,  cetylic  alcohol,  which 
is  a  solid ;  and  Mr.  Brodie  has  prepared  two  alcohols,  cerotylic  and 
mellisic,  from  ordinary  bees'  wax.  The  composition  of  these  substances 
stands  in  exactly  the  same  relation  to  that  of  the  preceding  alcohols, 
whi(;h  we  have  pointed  out,  as  will  be  seen  from  the  following 
table  :— 
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Caprylic  alcohol 
Cetylic  alcohol 
Ceiotylic  alcohol 
Melissic  alcohol 


CisHjeOs,  =  C,H,Os,  +  7C,H, 
C32H34O2  =  CgH.O^  +  I5C2H2 
C54H50O,  =  C,HA  +  26C,H, 


These  four  alcohols,  when  submitted  to  the  action  of  oxidizing 
agents,  are  conveiled  into  four  acids,  analogous  to  ibrmic  and  acetic 
acid,  and  which  stand  to  each  other,  and  to  toi'mic  and  acetic  acid,  in 
exactly  the  same  relation  as  the  several  alcohols  do  to  each  other. 

Caprylic  acid  .       .    Ci6H,503,HO  =  CjHOs.HO  +  TCaHj 

Cetyiicacid  .       CsaHaiOs,^  =  C2H03,H0  +  ISCgHg 

Cerotylic  acid  .       .    Cs^HsaOs.HO  =  CaHOa.HO  +  'jeCgHg 

Melissic  acid  .       CgoHsgOs.HO  =  C^HOa.HO  +  idC^fi^ 

A  glance  at  these  tables  shows  that  all  the  alcohols  known  differ 
fi-om  methyl-alcohol  by  CgHg,  or  a  multiple  of  it.  At  the  same 
time,  it  is  evident  that  the  series  by  no  means  regularly  ascends. 
Thus  we  perceive  that  between  amylic  and  caprylic  alcohols,  two 
alcohols  still  remaiu  to  be  discovered  ;  in  lilie  manner  between  caprylic 
and  cetylic  alcohols,  not  less  than  eight  different  alcohols  are  wanting. 

Even  now  the  parallel  series  of  volatile  acids  is  far  more  complete 
than  that  of  the  alcohols.  At  present  the  following  members  of  this 
group  are  known,  which  are  placed  in  juxtaposition  with  the  collateral 
alcohols  : — 


Methyl-alcohol  . 

i    Cj  O2 

Formic  acid 

C2  H.,  O4 

Ethyl-alcohol . 

C4  Hg  O2 

Acetic  acid 

C4  h;  0, 

Propyl -alcohol  . 

Cg   Hg  Og 

Propionic  acid  . 

Ce  Hg  0, 

Butyl-alcohol. 

Butyric  acid  . 

Cs  Hg  O4 

Amyl-alcohol 

Valeric  acid 

C10H10O4 

Caproic  acid  . 

CigHigO^ 

^14^1002 

Giuanthylic  acid. 

C14HUO4 

Capryl-alcohol  . 

C  10^1802 

Caprylic  acid  . 

^I6Hi604 

Pelargonic  acid  . 

G18H1804 

^'2oH2o04 

&c. 

Capric  acid  . 

&c. 

&c. 

&c. 

We  might  continue  the  series  of  acids  uninterruptedly  to  CggHggO 
(balenic  acid),  and  with  inteiTals  even  much  higher  up  to  acids  con- 
taining 54  and  even  more  equivalents  of  carbon.    Most  of  the  acids 
belonging  to  this  series  have  been  separated  from  fats,  and  hence  this 
sei-ies  is  frequently  designated  by  the  name  of  the  series  oi' fatty  acids. 

A  series  of  analogous  substances  whose  composition  varies  by  CgH 
or  a  multiple  of  it,  is  called  a  series  of  homologous  bodies— a  nam'e 
first  used  by  M.  Gerhardt,  to  whom  we  are  much  indebted  for  the 
elucidation  of  this  subject.    It  is  evident  that  there  exist  as  many 
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such  homologous  series  as  there  are  derivatives  of  any  one  of  the 
alcohols.  We  may  construct  a  series  of  homologous  radicals,  or 
ethers,  or  hydrocarbons. 


Methyl  H3 

Methyl-ether 

C2H3  0 

Cg  Hg 

Ethyl     C4  H5 

Ether. 

C4  H5  0 

Ethylene 

C4  H4 

C'e  H,  0 

Propylene 

Co  Hg 

Butyl  CsHg 

Ca  H„  0 

Butylene 

Cs  Hg 

Amyl  CjoHn 

Amyl-ether 

Amylene 

CaproylCi2H,3 

C12H13O 

Caproylene 

C  H 

C.4H15O 

C  14^14 

Caprylene 

^16^16 

All  these  series  of  homologous  bodies  still  present  numerous  gaps  ; 
none  perhaps  moi'e  than  that  of  the  alcohols  which  may  be  taken  as  the 
prototype  of  all  the  rest ;  but  since  the  existence  of  these  homologous 
series  was  fii'st  pointed  out,  many  gaps  have  been  filled,  and  it  may  be 
expected  that  Ijefore  long  the  rapid  strides  of  organic  chemistry  will 
render  these  series  complete. 

The  properties  of  the  various  members  belonging  to  homologous 
series  gradually  change  as  we  ascend  in  the  series.  The  most  charac- 
teristic alteration  is  the  diminution  of  volatility.  A  regular  difference 
between  the  boiling-points  of  homologous  substances  was  first  pointed 
out  by  H.  Kopp.  As  an  example  the  series  of  fatty  acids  may  be 
taken : — 

Boiling-points.  Differences. 

F.  C.  F.  C. 

Formic  acid  Cg  Hg  O4  209"  98''-5  )  070  9(.o.r 
Acetic  acid  C4  H4  O4  246"  119°  \  f  oL  21° 
Propionic  acid  Ce  H,.  O4  284°  140°  /  \  ono  -,-,0 
Butyric  acid  Cg  Hg  O4  314°-6  157°  )  /  ,  00.4  ico 
Valeric  acid  C^oH^oO^  347°  175°  11410.4  03° 
Caproicacid   C.^E^^O,       388°-4     198°  / 

From  this  table  it  is  evident  that  the  boiling  temperature  of  the 
homologous  acids  rises  on  an  average  36°-3  (19°-9C)  for  every  incre- 
ment of  C2H2.  A  similar  regular  difference  has  been  observed  in 
the  boiling-points  of  many  homologous  compounds.  As  yet,  how- 
ever, the  number  of  cases  in  which  discrepancies  occur  is  very  consi- 
derable. 

The  substances  discussed  in  the  next  three  sections  have  but  little 
relation  to  the  alcohols;  they  may,  however,  be  here  most  conveni- 
ently described. 
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BITTER-ALMOND  OIL  AND  ITS  PRODUCTS. 
BENZOYL  SERIES. 

The  volatile  oil  of  bitter  almonds  possesses  a  very  liigh  degree  of 
interest,  from  its  study  having,  in  the  hands  of  ME.  Liebig  and 
Wohler,  led  to  the  first  discovery  of  a  compound  organic  body  capable 
of  entering  into  direct  combination  with  elementary  principles,  as  hy- 
drogen, chlorine,  and  oxygen,  and  playing  in  some  degree  the  part  of  a 
metal.  The  oil  is  supposed  to  be  the  hydride  of  a  salt-basyle,  con- 
taining Ci^HsOg,  called  benzoyl,  from  its  relation  to  benzoic  acid, 
which  radical  is  to  be  traced  throughout  the  whole  series  ;  it  has  been 
isolated,  and  will  be  described  among  the  products  of  distillation  of 
the  benzoates. 


Table  of  Benzoyl-Compounds 
Benzoyl,  symbol  Bz 

Hydride  of  benzoyl  ;  bitter-almond  oil  . 
0.xide  of  benzoyl ;  anhydrous  benzoic  acid 
Hydrated  oxide  of  benzoyl ;  benzoic  acid  . 
Chloride  of  benzoyl 
Bromide  of  benzoyl 
Iodide  of  benzoyl  . 
Sulphide  of  benzoyl 
Benzoic  alcohol 


C14HAH 

C14H5O2O 

C,,H,0,0,HO 

C.^HgO^Cl 

Ci^H^OjBr. 

Ci,H,0,S. 


Hydride  of  benzoyl;  bitter-almond  oil;  BzH, — This  sub- 
stance is  prepared  in  large  quantities,  principally  for  the  use  of  the 
perfumer,  by  distilling  with  water  the  paste  of  bitter  almonds,  from 
which  the  fixed  oil  has  been  expressed.  It  certainly  does  not  pre- 
exist'in  the  almonds;  the  fat  oil  obtained  from  them  by  pressure  is 
absolutely  free  from  every  ti'ace  of  this  principle  ;  it  is  formed  by  the 
action  of  water  upon  a  peculiar  crystallizable  substance,  hereafter  to  be 
described,  called  amygdalin,  aided  in  a  very  extraordinary  manner 
by  the  presence  of  the  pulpy  .albuminous  matter  of  the  seed.  The 
crude  oil  has  a  yellow  colour,  and  contains  a  very  considerable  quan- 
tity of  hydrocyanic  acid,  the  origin  of  which  is  contemporaneous  with 
that  of  the  oil  itself :  it  is  agitated  with  dilute  solution  of  protochloride 
of  iron  mixed  with  hydrate  of  lime  in  excess,  and  the  whole  subjected 
to  distillation ;  water  passes  over,  accompanied  by  the  purified  es- 
sential oil,  which  is  to  be  left  for  a  short  time  in  contact  with  a  few 
fragments  of  fused  chloride  of  calcium  to  free  it  fi-om  water. 

Pure  hydride  of  benzoyl  is  a  thin,  colourless  liquid,  of  great  re- 
fractive power,  and  peculiar  and  very  agreeable  odour  ;  its  density  is 
1-043,  and  its  boiling-point  356°  (180°C)  :  it  is  soluble  in  about  30 
parts  of  water,  and  is  miscible  in  all  proportions  with  alcdhol  and 
ether.    Exposed  to  the  air,  it  greedily  absorbs  oxygen,  and  becomes 
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converted  into  a  mass  of  crystallized  benzoic  acid.  Heated  with  solid 
hydrate  of  potassa,  it  disengages  hydrogen,  and  yields  benzoate  of  the 
base.  With  the  alkaline  bisulphites  It  forms  beautiful  crystalline  com- 
pounds. The  vapour  of  the  oil  is  inflammable,  and  burns  with  a  bright 
flame  and  much  smoke.  It  is  very  doubtful  whether  pure  bitter- 
almond  oil  is  poisonous ;  the  crude  product,  sometimes  used  for  im- 
parting an  agreeable  flavour  to  puddings,  custards,  &c.,  and  even  pub- 
licly sold  for  that  purpose,  is  in  the  highest  degree  dangerous. 

Oxide  of  benzoyl  ;  benzoic  acid  ;  BzO. — This  is  the  sole  pro- 
duct of  the  oxidation  at  a  moderate  temperature  of  bitter-almond 
oil ;  it  is  not,  however,  thus  obtained  for  the  purposes  of  experiment 
and  of  phannacy.  Several  of  the  balsams  yield  benzoic  acid  in  great 
abundance,  more  especially  the  concrete  resinous  variety  known  under 
the  name  of  gum-benzoin.  When  this  substance  is  exposed  to  a  gentle 
heat  in  a  subliming  vessel,  the  benzoic  acid  is  volatilized,  and  may  be 
condensed  by  a  suitable  arrangement.  The  simplest  and  most  effi- 
cient apparatus  for  this  and  all  similar  opei'ations  is  the  contrivance 
of  Dr.  Mohr :  it  consists  of  a  shallow  iron  pan,  over  the  bottom  of 

which  the  substance  to  be  sublimed  is 
Fig.  166.  thinly  spread ;  a  sheet  of  bibulous  paper, 

pierced  with  a  number  of  pin-holes,  is  then 
stretched  over  the  vessel,  and  a  cap  made 
of  thick,  strong  drawing  or  cartridge-paper, 
secured  by  a  string  or  hoop  over  the  whole. 
The  pan  is  placed  upon  a  sand-bath  and 
slowly  heated  to  the  requisite  temperature  ; 
the  vapour  of  the  acid  condenses  in  the  cap, 
and  the  crystals  are  kept  by  the  thin  paper 
diaphragm  from  falling  back  again  into  the 
pan.  Benzoic  acid  thus  obtained  assumes 
the  form  of  light,  feathery,  colourless  crys- 
tals, which  exhale  a  fragrant  odour,  not  belonging  to  the  acid  itself, 
but'due  to  a  small  quantity  of  a  volatile  oil.  A  more  productive  me- 
thod of  preparing  the  acid  is  to  mix  the  powdered  gum-benzoin  veiy 
intimately  with  an  equal  weight  of  hydrate  of  lime,  to  boil  this  mix- 
ture with  water,  and  to  decompose  the  filtered  solution,  concentrated 
by  evaporation  to  a  small  bulk,  with  excess  of  hydrochloric  acid  ;  the 
benzoic  acid  crystallizes  out  on  cooling  in  thin  plates,  which  may  be 
drained  upon  a  cloth  filter,  pressed,  and  dried  in  the  air.  By  sub- 
limation, which  is  then  effected  with  trifling  loss,  the  acid  is  obtamed 
perfectly  white. 

Benzoic  acid  is  inodorous  when  cold,  but  acquires  a  faint  smell 
when  gently  warmed;  it  melts  just  below  212°  (100°C),  and  sub- 
limes at  a  temperature  a  little  above ;  it  boils  at  462^  (238=-8C), 
and  emits  a  vapour  of  the  density  of  4-27.  It  dissolves  in  about  200 
parts  of  cold,  and  25  paiis  of  boiling  water,  and  with  great  facility  in 
alcohol.    Benzoic  acid  is  not  aflected  by  ordinary  nitric  acid,  even  at 
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a  boiling  heat.  The  crystals  obtained  by  sublimation,  or  by  the 
cooling  of  a  hot  aqueous  solution,  contain  an  equivalent  of  water, 
which  is  basic,  or  CiiH503,H0,  Quite  recently  M.  Gerhardt  has 
succeeded  in  obtaining  anhydrous  benzoic  acid  C14H5O3.  This  sub- 
stance crystallizes  in  beautiful  oblique  prisms,  which  fuse  at  91-4° 
(33°C),  and  are  soluble  in  alcohol  and  ether,  but  insoluble  in  water. 
Boiled  with  water  it  is  gradually  reconverted  into  common  benzoic 
acid.  The  mode  of  formation  of  this  substance  is  mentioned  under 
Chloride  of  Benzoyl,  see  page  488. 

All  the  benzoates  have  a  greater  or  less  degree  of  solubility;  they 
are  easily  formed,  either  directly  or  by  double  decomposition.  Ben- 
zoates of  the  alkalis  and  of  ammonia  are  very  soluble,  and  somewhat 
difficult  to  crystallize.  Benzoate  of  lime  forms  groups  of  small  colour- 
less needles,  which  require  20  parts  of  cold  water  for  solution.  The 
salts  of  baryta  and  strontia  are  soluble  with  difficulty  in  the  cold. 
Neutral  benzoate  of  the  sesquioxide  of  iron  is  a  soluble  compound : 
but  the  basic  salt  obtained  by  neutralizing  as  nearly  as  possible  by 
ammonia  a  solution  of  sesquioxide  of  iron,  and  then  adding  benzoate 
of  ammonia,  is  quite  insoluble.  Sesquioxide  of  iron  is  sometimes  thus 
separated  from  other  metals  in  practical  analysis.  Neutral  and  basic 
benzoate  of  lead  are  freely  soluble  in  the  cold.  Benzoate  of  silver 
crystallizes  in  thin  transparent  plates,  which  blacken  on  exposure  to 
light.  Some  remarkable  products,  obtained  by  the  action  of  chlorine 
upon  a  solution  of  benzoate  of  potassa,  will  be  mentioned  in  the  sec- 
tion on  the  Organic  Bases. 

NiTROBENZOiC  ACID. — When  benzoic  acid  is  boiled  for  several 
hours  with  fuming  nitric  acid,  until  red  fumes  cease  to  appear,  it 
yields  a  new  acid  body,  in  which  the  elements  of  hyponitric  acid  are 
substituted  for  an  equivalent  of  hydrogen  of  the  original  benzoic  acid. 
Nitrobenzoic  acid  greatly  resembles  benzoic  acid  in  character,  and 
contains  Ci^H^NO^.HO  =  Ci^CH^NOJOg.HO.  The  remarkable  trans- 
foi-mation  of  the  amide  of  this  'acid,  of  nitrobenzamide,  will  be  noticed 
under  the  head  of  aniline. 

SULPHOBENZOIC  ACID. — ^Benzoic  acid  is  soluble  without  change  in 
concentrated  oil  of  vitriol,  and  is  precipitated  by  the  addition  of  water ; 
it  combines,  however,  with  anhydrous  sulphuric  acid,  generating  a 
compound  acid  analogous  to  sulphovinic,  but  bibasic,  forming  a 
neutral  and  an  acid  series  of  salts.  The  baryta-compound  is  easily 
prepared  by  dissolving  in  water  the  viscid  mass  produced  by  the  union 
of  the  two  bodies,  and  saturating  the  solution  with  carbonate  of  baryta. 
On  adding  hydrochloric  acid  to  the  filtered  liquid,  and  allowing  the 
whole  to  cool,  acid  sulphobenzoate  of  bai-yta  ciystallizes  out.  This 
salt  has  an  acid  reaction,  and  requires  20  pai-ts  of  cold  water  for 
solution;  the  neutral  salt  is  much  more  soluble.  The  hydrated  acid 
is  ea-sily  obtained  by  decomposing  the  sulphobenzoate  of  baryta  by 
dilute  sulphuric  acid ;  it  forms  a  white,  crystalline,  deliquescent  mass, 
veiy  stable  and  permanent,  which  contains  Ci4H503,2S03,2HO. 
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Benzone,  benzophenone. — When  dry  benzoate  of  lime  is  dis- 
tilled at  a  high  temperature,  it  yields  a  thick,  oily,  colourless  liquid, 
of  peculiar  odour.  This  is  a  mixture  of  several  compounds,  from 
which,  however,  a  crystalline  substance  CijHjO,  or  CaoHioOg,  may 
be  isolated,  to  which  the  name  benzone  or  benzophenone  has  been 
given.  Carbonate  of  lime  remains  in  the  retort  ;  the  reaction  is  thus 
perfectly  analogous  to  that  by  which  acetone  is  produced  by  the  dis- 
tillation of  a  dry  acetate. 

CaO,C     jOg  =  C 13H5O + CaO,C02. 

The  benzophenone  is,  however,  always  accompanied  by  secondary 
products,  due  to  the  irregular  and  excessive  temperature,  solid  hy- 
drocarbons, carbonic  oxide,  and  benzol,  a  body  next  to  be  described. 

Benzol,  or  Benzine.— If  crystallized  benzoic  acid  be  mixed  with 
three  times  its  weight  of  hydrate  of  lime,  and  the  whole  distilled  at  a 
temperatni-e  slowly  raised  to  redness  in  a  coated  glass  or  earthen 
retort,  water,  and  a  volatile  oily  liquid  termed  benzol,  pass  over, 
while  carbonate  of  lime,  mixed  with  excess  of  hydrate  of  lime,  re- 
mains in  the  retort.  The  benzol  separated  from  the  water,  and  rec- 
tified, foims  a  thin,  limpid,  colourless  liquid,  of  strong  agreeable 
odoui',  insoluble  in  water,  but  miscible  with  alcohol,  having  a  density 
of  0-885,  and  boiling  at  176°  (80°C) ;  the  sp.  gr.  of  its  vapour  is 
2-738.  Cooled  to  32"  (0°C),  it  solidifies  to  a  white,  crystalline  mass. 
Benzol  contains  carbon  and  hydrogen  only,  in  the  proportion  of  2  eq. 
of  the  former  to  1  of  the  latter,  or  probably  CigHg.  It  is  produced 
by  the  resolution  of  benzoic  acid  into  benzol  and  carbonic  acid,  the 
water  taking  part  in  the  reaction. 

C,4Ho04=Ci,Hg-h2CO,. 

Benzol  is  identical  with  the  bicarbide  of  hydrogen,  many  yeai-s  ago 
discovered  by  Mr.  Faraday  in  the  cijrious  liquid  condensed  during 
the  compression  of  oil-gas,  of  which  it  forms  the  great  bulk,  being  as- 
sociated with  an  excessively  volatile  hydrocarbon,  containing  carbon 
and  hydrogen  in  the  ratio  of  the  equivalents,  the  vapour  of  which  re- 
quired for  condensation  a  temperature  of  0»(— 17°-7C).  This  is  the 
substance  which  has  been  described  under  the  name  of  butylene,  when 
treating  of  valeric  acid  (see  page  477). 

A  copious  source  of  benzol  has  been  lately  shown  by  Mr.  Mans- 
field to  exist  in  the  lightest  and  most  volatile  portions  of  coal-tar  oil, 
which  will  be  noticed  in  its  place  under  the  head  of  that  substance. 

Sulphobenzide  and  HY-posoLPHOBENZic  ACID.— Beuzol  com- 
bines directly  with  anhydrous  sulphuric  acid  to  a  thick  viscid  liquid, 
soluble  in  a  small  quantity  of  water,  but  decomposed  by  a  larger  por- 
tion, with  separation  of  a  crystalline  matter,  the  sulphobenzide,  which 
may  be  washed  with  water,  in  which  it  is  nearly  insoluble,  dissolved 
in  ether,  and  left  to  crystallize  by  spontaneous  evaporation.  It  is  a 
colourless,  transparent  substance,  fusible  at  212°  (100°C),  bearing 
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distillation  without  change,  and  resisting  the  action  of  acids  and 
other  energetic  chemical  agents.  Sulphobeuzide  contains  CiaHjSO^. 
It  may  be  viewed  as  benzol  in  which  1  eq.  of  hydrogen  has  been 
replaced  by  1  eq.  of  sulphurous  acid.  The  acid  liquid  from  which 
tlie  preceding  substance  has  been  separated,  neutralized  by  carbo- 
nate of  baryta  and  filtered,  yields  hyposiilphobenzate  of  baryta, 
which  is  a  soluble  salt,  but  crystallizes  in  an  imperfect  manner.  By 
double  decomposition  with  sulphate  of  copper,  a  compound  of  the 
oxide  of  that  metal  is  obtained,  which  forms  fine,  large  regular  crys- 
tals. The  hydrate  of  hyposulphobenzic  acid  is  prepared  by  decom- 
posing the  copper-salt  with  sulphuretted  hydrogen ;  a  sour  liquid  is 
obtained,  which  furnishes,  by  evaporation,  a  crystalline  residue,  con- 
taining Ci2H5,S02-f-H0,S03.  The  salts  of  potassa,  soda,  ammonia, 
and  of  the  oxides  of  zinc,  iron,  and  silver,  crystallize  freely.  This 
compound  acid  can  be  prepared  by  dissolving  benzol  in  Nordhausen 
sulphuric  acid. 

NiTROBENzoL. — Ordinary  nitric  acid,  even  at  a  boiling  temperature, 
has  no  action  on  benzol ;  the  red  fuming  acid  attacks  it,  with  the  aid 
of  heat,  with  great  violence.  The  product,  on  dilution,  throws  down 
a  heavy,  oily,  yellowish,  and  intensely-sweet  liquid,  which  has  an 
odour  resembling  that  of  bitter-almond  oil.  Its  density  is  1'209  ;  it 
boils  at  415°  (212°-8C),  and  distils  but  not  without  being  slightly 
changed.  It  is  but  little  affected  by  acids,  alkalis,  or  chlorine,  and  is 
quite  insoluble  in  water.  Nitrobenzol  contains  C12H5NO4,  and  may 
be  viewed  as  benzol,  in  which  1  eq.  of  hydrogen  is  replaced  by  1  eq. 
of  hypouitric  acid.  When  nitrobenzol  is  heated  with  an  alcoholic 
solution  of  caustic  potassa,  and  the  product  subjected  to  distillation, 
a  red  oily  liquid  passes  over :  this  is  a  mixture  of  several  substances 
from  which,  on  cooling,  large  red  crystals  separate,  wliich  are 
nearly  insoluble  in  watei-,  but  dissolve  with  facility  in  ether  and 
alcohol.  This  compound,  which  is  called  azobenzol,  melts  at  149° 
(48'=-3),  and  boils  at  379°  (192°'2C) ;  it  contains  C12H5N.  Together 
with  the  azobenzol  an  oil  is  produced,  which  contains  CjgHyN,  and 
has,  like  ammonia,  the  power  of  combining  with  acids.  It  has  received 
the  name  of  aniline,  and  will  be  described  in  the  section  on  Organic 
Bases.  The  reaction  which  gives  rise  to  azobenzol  and  aniline  in  this 
case,  is  not  yet  perfectly  understood,  several  other  substances  being 
simultaneously  produced,  and  a  large  quantity  of  nitrobenzol  being 
charred.  Nitrobenzol  may,  however,  be  entirely  converted  into 
aniline,  by  a  most  elegant  process,  discovered  by  Zinin,  namely,  by  the 
action  of  sulphide  of  ammonium,  which  will  be  noticed  when  treating 
of  aniline. 

BiNiTROBENZOL. — If  benzol  is  dissolved  in  a  mixture  of  equal 
volumes  of  concentrated  nitric  and  sulphuric  acids,  and  the  liquid  be 
boiled  for  some  minutes,  it  solidilies  on  cooling  to  a  mass  of  crystals, 
which  are  easily  fusible,  insoluble  in  water,  and  readily  soluble  in 
alcohol.    They  contain   Ci2H4N208  =  Ci/H42N04),    and  may  be 
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viewed  as  benzol,  in  whicli  2  eq.  of  hydrogen  are  replaced  by  2  eq.  of 
hyponitrlc  acid. 

Benzol  and  chlorine  combine  when  exposed  to  the  rays  of  the  sun  ; 
the  product  is  a  solid,  crystalline,  fusible  substance,  insoluble  in  water, 
containing  CigH^Clg,  called  chlorobcnzol.  When  this  substance  is 
distilled,  it  is  decomposed  into  hydrochloric  acid,  and  a  volatile  liquid, 
chlorohenzide,  composed  of  C(2H3Cl3. 

In  its  chemical  relations,  benzol  exhibits  the  character  of  a  substance 
analogous  to  hydride  of  methyl  (maj-sh-gas),  hydride  of  ethyl,  and 
hydride  of  amyl. 

Benzol    .       .       .       Ci2H5H= Hydride  of  phenyl. 

Sulphohenzol     .  CigHjSOg. 

Nitrobenzol     .       .  C12H5NO4. 
The   alcohol  belonging  to  this  hydride  is  known;    it  contains 
Ci2Hg02  =  Ci2H50,H0,  and  will  be  described  among  the  volatile 
principles  of  coal-tar. 

Chloride  of  benzoyl,  BzCl. — This  compound  is  prepared  by 
passing  dry  chlorine  gas  through  pure  bitter-almond  oil,  as  long  as 
hydrochloric  acid  continues  to  be  formed ;  the  excess  of  chlorine  is 
then  expelled  by  heat.  Chloride  of  benzoyl  is  a  colourless  liquid  of 
peculiar,  disagreeable,  and  pungent  odour.  Its  density  is  1106.  The 
vapour  is  inflammable,  and  burns  with  a  tint  of  green.  It  is  decom- 
posed slowly  by  cold,  and  quickly  by  boiling  water,  into  benzoic  and 
hydrochloric  acids  ;  with  an  alkaline  hydrate,  benzoate  of  the  base,  and 
chloride  of  the  metal,  are  generated. 

Chloride  of  benzoyl  has  lately  become  very  interesting  on  account 
of  some  important  )-esearches  of  M.  Gerhardt,  who  succeeded  by  the 
aid  of  this  substance  in  obtaining  anhydrous  benzoic  acid.  This  com- 
pound is  produced  by  the  action  of  chloride  of  benzoyl  upon  benzoate 
of  soda. 

NaO,C„H503    +    Ci.HjOaCl    =    NaCl    +  2CiJIA 

Benzoate  of  Chloride  of        Chloride  Anhydrous 

Soda.  Benzoyl.  of  Benzoic 

Sodium.  Acid. 
This  reaction  is  of  considerable  interest,  since  it  is  of  general  appli- 
cation for  the  separation  of  anhydrous  acids  ;  and  has  furnished  already 
a  very  large  number  of  new  bodies.  If  chloride  of  benzoyl  is  made  to 
act  upon  the  soda-salt  of  another  organic  acid,  peculiar  anhydrous 
double  acids  are  produced.  Thus  chloride  of  benzoyl  and  valerate  of 
potassa  furnish  on  distillation  an  oily  liquid  of  a  pungent  odour, 
which  excites  tears. 

NaO£ioH^3  -f  Ci.HsOgCl  =   NaCl  +  C^oHAAJ^A 

Valerate  of        Chloride  of      Chloride  Anliydrous 
Soda.  Benzoyl.  of  Valero-benzoic 

Sodium.  Acid. 
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When  submitted  to  distillation,  valero-benzoic  acid  splits  into  anhy- 
drous benzoic  and  valeric  acids.  The  latter  is  a  colourless  liquid  which 
boils  at  419°  (215°C).  M.  Gerhardt  is  of  opinion  that  the  so-called 
anhydrous  acids,  obtained  by  his  process,  are  far  from  being  the  anhy- 
drous acids,  which  chemists  are  in  the  habit  of  assuming  in  the  salts. 
He  considers  them  as  a  sort  of  saline  bodies,  as  the  common  hydrate, 
in  which  the  hydrogen  is  replaced  by  an  organic  radical. 

Hydrated  benzoic  acid    .  .  (Ci4H502)0,H0 
Benzoate  of  soda       .       .  (Ci4H502)0,NaO 

Benzoate  of  benzoyl       .  .  (Ci4H502)0,(Ci4H502)0 

(Anhydrous  benzoic  acid) 
Valero-benzoic  acid   .       .  (Ci4H502)0,(C,oH802)0 

Hydrated  valeric  acid  .  (CioHgOalO.HO 
Valerate  of  soda       .       .  (C,oH902j)0,NaO 

Valerate  of  valeryl       .  .  (C,oHb02)0,(CioH902)0 

(Anhydrous  valeric  acid) 

Benzamide. — When  pure  chloride  of  benzoyl  and  dry  ammoniacal 
gas  are  presented  to  each  other,  the  ammonia  is  energetically  absorbed, 
and  a  white,  solid  substance  produced,  which  is  a  mixture  of  sal- 
ammoniac  and  a  highly-interesting  body,  benzamide.  The  sal-am- 
moniac is  removed  by  washing  with  cold  water,  and  the  benzamide 
dissolved  in  boiling  water,  and  left  to  crystallize.  It  forms  colourless, 
transparent,  prismatic,  or  platy  crystals,  fusible  at  239°  (115°C),  and 
volatile  at  a  higher  temperature.  It  is  but  slightly  soluble  in  cold, 
freely  in  boiling  water,  also  in  alcohol  and  ether.  Benzamide  corre- 
sponds to  oxamide,  both  in  composition  and  properties ;  it  contains 
C,4Hj.N02  =  C\^H502,NH2,  or  benzoate  of  oxide  of  ammonium,  minus 
2  eq.  of  water,  and  it  suffers  decomposition  by  both  acids  and  alkaline 
solutions,  yielding,  in  the  first  case,  a  salt  of  ammonia  and  benzoic 
acid,  and,  in  the  second,  free  ammonia  and  a  benzoate.  When  dis- 
tilled it  loses  again  2  eq.  of  water,  and  becomes  benzonitrile.  (See 
farther  on.) 

Iodide  of  benzoyl,  BzL— This  is  prepared  by  distilling  the 
chloride  of  benzoyl  with  iodide  of  potassium  ;  it  forms  a  colourless, 
crystalline,  fusible  mass,  decomposed  by  water  and  alkalis,  in  the  same 
manner  as  the  chloride.  The  bromide  of  benzoyl,  BzBr,  has  very 
similar  properties.  The  sulphide,  BzS,  is  a  yellow  oil,  of  offensive 
smell,  which  solidifies  at  a  low  temperature,  to  a  soft,  crystalline 
mass.  Cyanide  of  benzoyl,  BzCy,  obtained  by  heating  the  chloride 
with  cyanide  of  mercury,  forms  a  colourless,  oily,  inflammable  liquid, 
of  pungent  odour,  somewhat  resembling  that  of  cinnamon.  All  these 
compounds  yield  benzamide  with  dry  ammonia. 

Benzoic  alcohol.— Quite  recently  M.  Cannizzaro  has  made  the 
interesting  discovery  that  the  action  of  an  alcoholic  solution  of  potassa 
on  oil  of  bitter-almonds  gives  rise  to  the  formation  of  an  oily  body, 
heavier  than  water,  and  boiling  at  400^  (204'>C),  which  contains 
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^14^802,  and  exhibits  in  every  respect  the  deportment  of  an  alcohol. 
When  treated  with  oxidizing  agents  it  furnishes  benzoic  acid.  The 
action  of  113'drochloric  acid  gives  rise  to  the  formation  of  a  chloride 
of  the  formula  C14H5CI,  which  boils  about  356°  (180^0).  Distilla- 
tion with  acetic  and  sulphuric  acid  converts  benzoic  alcohol  into  a  com- 
pound ether  of  the  formula  CjoHio04  =  Ci4H70,C4H303  which  has  an 
aromatic  pear  odour,  and  boils  at  410°  (210°C).  The  relation  of  this 
new  group  of  substances  with  ethyl  alcohol  and  its  derivatives  will 
become  obvious  from  the  following  formulae : — 


Ethyl-series. 
Ethyl  alcohol .    ,  C^UfiflO 
Acetic  acid  .    .  C4H303,H0 
Chloride  of  ethyl  C4H5CI 
Benz.  of  ethyl  C^HsO^Ci^HgOg 


Benzoyl-series. 
Benzoic  alcohol  CiJiyO.HO 
Benzoic  acid  .  Ci^HjOgjHO 
Chloride  .  Cj^H^Cl 
Acetate       .  Ci4H70,C4H303 


FoRMOBENZoiC  ACID. — Crude  bitter-almond  oil  is  dissolved  in  water, 
mixed  with  hydrochloric  acid,  and  evaporated  to  dryness  :  the  residue 
is  boiled  with  ether,  which  dissolves  out  the  new  substance,  and  leaves 
sal-ammoniac.  Formobenzoic  acid  fonns  small,  indistinct,  white 
crystals,  which  fuse,  and  afterwards  suffer  decomposition  by  heat, 
evolving  an  odour  resembling  that  of  the  flowers  of  the  liawthorn,  and 
leaving  a  bulky  residue  of  charcoal.  It  is  freely  soluble  in  water, 
alcohol,  and  ether,  has  a  strongly  acid  taste  and  reaction,  and  forms  a 
series  of  crystallizable  salts  with  metallic  oxides.  This  substance 
contains  CigH705,HO  =  C,4H(j02-|-C2H03,HO,  or  the  elements  of 
bitter-almond  oil  and  formic  acid  :  it  owes  its  origin  to  the  peculiar 
action  of  strong  mineral  acids  on  the  hydrocyanic  acid  of  the  crude 
oil,  by  which  that  body  suffers  resolution  into  formic  acid  and  am- 
monia. It  is  decomposed  by  oxidizing  bodies,  as  binoxide  of  man- 
ganese, nitric  acid,  and  chlorine,  into  bitter-almond  oil  and  carbonic 
acid. 

H7DR0BENZAMIDE. — Pure  bitter-almond  oil  is  digested  for  some 
hours  at  about  120°  (49°C)  with  a  large  quantity  of  strong  solution  of 
ammonia:  the  resulting  white  crystalline  product  is  washed  with 
cold  ether,  and  dissolved  in  alcohol;  the  solution,  left  to  evaporate 
spontaneously,  deposits  the  hydrohenzamide  in  regular,  colourless 
crystals,  which  have  neither  taste  nor  smell.  This  substance  melts  at 
a  little  above  212°  (100°C),  is  readily  decomposed  by  heat,  dissolves 
with  ease  in  alcohol,  but  is  insoluble  in  water  :  the  alcoholic  solution 
is  resolved  by  boiling  into  ammonia  and  bitter-almond  oil ;  a  similar 
change  happens  with  hydrochloric  acid.  Hydrohenzamide  contains 
C42H18N2,  or  the  elements  of  3  equivalents  of  bitter-almond  oil,  and 
2  of  ammonia,  minus  6  equivalents  of  water.  When  impure  bitter- 
almond  oil  is  employed  in  this  experiment,  the  products  are  diflerent, 
several  other  compounds  being  obtained.  But  even  with  the  pure  oil 
frequently  a  great  variety  oV  substances  are  formed.  Hydi'oben- 
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zamide  when  submitted  to  the  action  of  chemical  processes  furnishes 
a  great  number  of  derivatives,  of  which,  however,  only  one  substance, 
namely,  amarine,  will  be  described  in  the  section  on  the  Organic 
Bases. 

Benzoin.— This  substance  is  found  in  the  residue  contained  in 
the  retort  from  which  bitter-almond  oil  has  been  distilled  with  lime 
and  oxide  of  iron,  to  free  it  from  hydrocyanic  acid ;  it  is  a  product  ot 
the  action  of  alkalis  and  alkaline  earths  on  the  crude  oil,  and  is  said 
to  be  only  generated  in  the  presence  of  hydi-ocyanic  acid.  It  is 
easily  extracted  from  the  pasty  mass,  by  dissolving  out  the  lime  and 
oxide  of  iron  by  hydi-ochloric  acid,  and  boiling  the  residue  in  alcohol. 
Benzoin  forms  colourless,  transparent,  brilliant,  prismatic  crystals, 
tasteless  and  inodorous  ;  it  melts  at  248^  (120°C),  and  distils  without 
decomposition.  Water,  even  at  a  boiling  heat,  dissolves  but  a  small 
quantity  of  this  body ;  boiling  alcohol  takes  it  up  in  a  lai-ger  propor- 
tion ;  it  dissolves  in  cold  oil  of  vitriol,  with  violet  colour.  Benzoin 
contains  Ci4Hg02,  or  Cj^Hi^Oj,  and  is,  consequently,  an  isomeric 
modification  of  bitter-almond  oil. 

Benzile. — This  curious  compound  is  a  product  of  the  action  of 
chlorine  on  benzoin  ;  the  gas  is  conducted  into  the  fused  benzoin  as 
long  as  hydrochloric  acid  continues  to  be  evolved.  It  is  likewise 
formed  by  treating  benzoin  with  faming  nitric  acid.  The  crude  pro- 
duct is  purified  by  solution  in  alcohol.  It  forms  large,  transparent, 
sulphur-yellow  crystals,  fusible  at  200°  (93°'3C),  unaltered  by  dis- 
tillation, and  quite  insoluble  in  water.  It  dissolves  freely  in  alcohol, 
ether,  and  concentrated  sulphuric  acid,  from  which  it  is  precipitated 
by  water.  Benzile  is  composed  of  Cj^HjOj,  or  CjuHiqO^,  and  is 
therefore  isomeric  with  the  radical  of  the  benzoyl-series. 

Benzilic  acid. — Benzoin  and  benzile  dissolve  with  violet  tint  in 
an  alcoholic  solution  of  caustic  potassa.  By  long  boiling  the  liquid  be- 
comes colourless,  and  is  then  found  to  contain  a  salt  of  a  peculiar 
acid,  called  the  benzilic,  which  is  easily  obtained  by  adding  hydro- 
chloric acid  to  the  filtered  liquid,  and  leaving  the  whole  to  cool. 
Benzilic  acid  forms  small,  colourless,  transparent  crystals,  slightly 
soluble  in  cold,  more  readily  in  boiling  water  ;  it  melts  at  248° 
(120°C),  and  cannot  be  distilled  without  decomposition.  It  dissolves 
in  cold  concentrated  sulphuric  acid  with  a  fine  carmine-red  colour. 
Benzilic  acid  contains  C^gHnOj,  HO,  or  2  eq.  benzile  and  2  eq. 
water. 

Benzonitrile. — When  benzoate  of  ammonia  is  exposed  to  destruc- 
tive distillation,  among  other  products  a  yello\vish  volatile  oil  makes 
its  appearance,  having  exactly  the  odour  of  bitter-almond  oil.  It  is 
heavier  than  water,  slightly  soluble  in  that  liquid,  boils  at  376° 
(191°-1C),  and  contains  Ci^HjN.  It  is  benzoate  of  ammonia, 
-4  eq.  of  water,  (NH,0,  Ci.H.Oj— 4HO  =  C,4H,N,)  and  stands  to  this 
salt  m  the  same  relation  as  cyanogen  to  oxalate,  hydrocyanic  acid 
to  formate,  and  cyanide  of  methyl  to  acetate,  of  ammonia'.  Benzo- 
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nitrile  likewise  may  be  viewed  as  a  cyanide,  when  it  becomes  a 
member  of  the  phenyl-series,  C,,H5N  =  C|2H5C2N. 

Benzoyl.— Benzoate  of  copper,  by  dry  distillation  cautiously 
conducted,  gives  a  residue  containing  salicylic  and  benzoic  acid,  and 
an  oily  distillate  which  crystallizes  on  cooling.  This  substance 
possesses  the  odour  of  the  geranium,  melts  at  158^  (70°C),  and 
contains  CijHjO^.  It  was  discovered  by  Ettling,  and  subse- 
quently studied  by  Stenhouse,  and  is  evidently  the  radical 
of  the  benzoyl-series.  By  heating  with  hydrate  of  potassa  it  is 
instantly  converted  into  benzoic  acid  with  disengagement  of 
hydrogen.  °  ° 

Benzimide. — This  is  a  white,  inodorous,  shining,  crystalline  sub- 
stance, occasionally  found  in  crude  bitter-almond  oil.  It  is  insoluble 
in  water,  and  but  slightly  dissolved  by  boiling  alcohol  and  ether. 
Oil  of  vitriol  dissolves  it  with  darlj  indigo-blue  colour,  becoming 
gi-een  by  the  addition  of  a  little  water.  This  reaction  is  charac- 
teristic. Benzimide  contains  C^gH^NO^.  It  may  be  viewed  as 
derived  from  an  acid  benzoate  of  ammonia  by  the  separation  of  4  eq. 
of  water. 

_  A  great  number  of  other  compounds  derived  from  bitter-almond 
oil,  directly  or  indirectly,  have  been  described  by  M.  Laurent  and 
others.  Many  of  these  contain  sulphur ;  sulphuretted  hydi-ogen  and 
sulphide  of  ammonium  being  employed  in  their  preparation. 

HipptjRiC  ACID. — This  interesting  substance  is  in  some  measure 
related  to  the  benzoyl-compounds.  It  occurs,  often  in  large  quantity, 
in  combination  with  potassa  or  soda,  in  the  urine  of  horses,  cows, 
and  other  graminivorous  animals.  It  is  prepared  by  evaporating  in  a 
water-bath  perfectly  fresh  cows'  urine  to  about  a  tenth  of  its  volume, 
filtering  from  the  deposit,  and  then  mixing  the  liquid  with  excess  of 
hydrochloric  acid.  Cows'  urine  frequently  deposits  hippuric  acid  with- 
out concentration,  when  mixed  with  a  considerable  quantity  of  hydro- 
chloric acid,  in  which  the  acid  is  less  soluble  than  in  water.  The 
brown  crystalline  mass  which  separates  on  cooling  is  dissolved  in 
boiling  water,  and  treated  with  a  stream  of  chlorine  gas  until  the 
liquid  assumes  a  light  amber  colour,  and  begins  to  exhale  the  odour 
of  that  substance  ;  it  is  then  filtered,  and  left  to  cool.  The  still  im- 
pure acid  is  re-dissolved  in  water,  neutralized  with  carbonate  of  soda, 
and  boiled  for  a  short  time  with  animal  charcoal ;  the  hot  filtered  so- 
lution is,  lastly,  decomposed  by  hydrochloric  acid. 

Hippuric  acid  in  a  pure  state  crystallizes  in  long,  slender,  milk- 
white,  and  exceedingly  delicate  square  prisms,  which  have  a  slightly 
bitter  taste,  fuse  on  the  application  of  heat,  and  require  for  solution 
about  400  parts  of  cold  water ;  it  also  dissolves  in  hot  alcohol.  It 
has  an  acid  reaction,  and  forms  salts  with  bases,  many  of  wliich  ai-e 
crystallizable.  Exposed  to  a  high  temperature,  hippuric  acid  under- 
goes decomposition,  yielding  benzoic  acid,  benzoate  of  ammonia,  and 
a  fragrant  oily  matter,  with  a  coaly  residue.    With  hot  oil  of  vitriol, 
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it  gives  off  benzoic  acid ;  boiling  hydrochloric  acid  converts  it  into  ben- 
zoic acid  and  glycocine  (gelatin-sugar),  which  is  described  in  the  Sec- 
tion on  Animal  Chemistry.    Hippuric  acid  contains  C,gHgNOg,HO. 

The  constitution  of  hippuric  acid  has  been  frequently  discussed  by 
chemists.  Very  different  views  have  been  proposed.  The  most  pro- 
bable one  is,  that  it  is  the  amidogen-compound  of  a  peculiar  acid — 
glycobenzoic  acid.  If  hippuric  acid  be  treated  with  nitrous  acid,  it 
undergoes  the  decomposition  peculiar  to  amidogen-compounds,  which 
has  been  explained  when  treating  of  oxamide  (page  412).  A  new  non- 
nitrogenous'  acid  is  formed  together  with  water  and  pure  nitrogen 
CigH8NO„HO+N03  =  CigH,0„HO-|-HO-|-2N.  Glycobenzoic  acid 
is  a  crystalline  substance,  slightly  soluble  in  water,  but  readily  dis- 
solved by  alcohol  and  ether.  It  may  be  viewed  as  a  conjugate  acid, 
containing  benzoic  and  glycolic  acids  —  2  eq.  of  water  CjgH^O,, 
H0  =  Ci^Hg04,C.jH^0g— 2H0.  Under  the  influence  of  boiling  water 
it  splits  indeed  into  benzoic  and  glycolic  acids.  Glycocine  must 
be  considered  as  glycolamide  NH^0,C:,H505 — 2H0  =  €^115^04,  and 
this  explains  the  conversion  of  hippuric  acid  into  benzoic  acid  and 
glycocine. 

Quite  recently  M.  Dessaignes  has  succeeded  in  regenerating  hippuric 
acid  by  the  action  of  chloride  of  benzoyl  upon  the  zinc-compound  of 
glycocine. 

C.HsNO^,  ZnO   -|-  Ci^HjO^Cl   =    Ci^HgNOg  -|-  ZnCl-f-HO 

Zinc-compound        Chloride  of  Hippuric 
of  Glycocine.  Benzoyl.  Acid. 

If,  in  the  preparation  of  hippuric  acid,  the  urine  be  in  the  slightest 
degree  putrid,  the  hippuric  acid  is  all  destroyed  during  the  evapora- 
tion, ammonia  is  disengaged  in  lavge  quantity,  and  the  liquid  is  then 
found  to  yield  nothing  but  benzoic  acid,  not  a  trace  of  which  can  be 
discovered  in  the  unaltered  secretion.  Complete  putrefaction  effects 
the  same  change  j  benzoic  acid  might  thus  be  jii'ocui'ed  to  almost  any 
extent. 

When  benzoic  acid  is  taken  internally,  it  is  rejected  from  the  system 
in  the  state  of  hippuric  acid,  which  is  then  found  in  the  urine. 
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Toluylic  Acid,  C,gH,03,H0.— This  substance,  which  differs  from 
benzoic  acid  by  CjH,,  has  been  lately  discovered  by  Mr.  Noad,  who 
obtained  it  by  the  action  of  very  dilute  nitric  acid  upon  cymol,  a  carbo- 
hydrogen  occurring  in  cumin-oil.  It  is  a  substance  exhibiting  the 
closest  analogy  with  benzoic  acid  both  in  its  physical  characters  and 
in  its  chemical  relations.    Like  benzoic  acid,  when  treated  with  fuming 
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nitric  acid,  it  yields  a  nitro-acid,  nitrotoluylic  acid,  CigHgN07,H0  = 
^i6(H6NOJ03,HO  :  distilled  with  lime  or  bartya,  it  furnishes  a  hydro- 
carbon C,^Hg,  homologous  to  benzol.  The  latter  substance,  which 
has  received  the  name  of  toluol,  is  also  obtained  from  other  sources, 
especially  from  coal-tar  and  Tolu  balsam. 

An  acid  of  the  formula  CjgHgOgjHO,  is  not  yet  known,  hut  we  may 
confidently  expect  that  the  progress  of  science  will  not  fail  to  elicit 
this  substance  :  even  now  we  are  acquainted  with  a  hydi'ocarbon 
^16^10;  homologous  to  benzol  and  toluol.  This  substance,  which  is 
called  xylol,  is  found  in  wood-tar  and  coal-gas  naphtha,  and  stands  to  the 
unknown  acid  CigHgOgjHO,  in  the  same  relation  as  benzol  to  benzoic 
acid.  Should  the  above  acid  be  discovered,  we  may  with  certainty  pre- 
dict that,  when  distilled  with  excess  of  lime,  it  will  yield  xylol. 

Cumic  acid,  C,^f^B.^fi^,l\0.  Another  acid,  homologous  to  benzoic 
acid,  was  discovered  .some  time  ago  by  MM.  Cahours  and  Gerhardt. 
It  is  formed  by  the  oxidation  of  one  of  the  constituents  of  cumin-oil, 
cuminol  CoqHjjOj,  which  corresponds  to  oil  of  bitter  almonds.  It 
likewise  yields  a  nitro-acid,  nitro-cumic  acid  C2(,H,(,N0„H0  - 
^2o(HioNO,,)03,HO,  and  when  distilled  is  converted  into  cumol 
CjgHj2,  a  hydj'ocarbon,  homologous  to  benzol,  toluol,  and  xylol. 

Of  the  next  series  only  the  hydrocarbon  is  known.  This  is  cymol 
^20^14'  substance  which,  as  has  been  mentioned  above,  is  the 
source  of  toluylic  acid. 

The  homology  of  these  substances  is  clearly  exhibited  by  the  fol- 
lowing table : — 


Hydrides. 

Acids. 

Hydrocarbons 

derived  from  the  acid. 

Benzoyl-series 

C„H503,HO 

Toluyl-series 

C,bH,03,H0 

Xylyl-series  . 

Cumyl-series  . 

CjoHiiOg.HO 

Cymyl-series . 

^20^14 

This  table  shows  that  up  to  the  present  moment  only  the  series  of 
hydrocarbons  is  without  a  gap,  while  two  acids  and  three  hydrides  re- 
main to  be  discovered. 


SALICYL,  AND  ITS  COMPODNDS. 

SALicm. — The  leaves  and  young  bark  of  the  poplar,  willow,  and 
several  other  trees  contain  a  peculiar  ciystallizahle,  bitter  principle, 
called  salicin,  which  in  some  respects  resembles  the  vegeto-alkalis  cin- 
chonine  and  quinine,  being  said  to  have  febrifuge  properties.  It  diflers 
essentially,  however,  from  these  bodies  in  being  destitute  of  nitrogen, 
and  in  not  foraiing  salts  with  acids.  Salicin  may  be  prepared  by  exhaust- 
ing the  bark  with  boiling  water,  concentrating  the  solution  to  a  small 
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bulk,  digesting  the  liquid  with  powdered  protoxide  of  lead,  and  then, 
after  freeing  the  solution  from  lead  by  a  stream  of  sulphuretted 
hydrogen  gas,  evaporating  until  the  salicin  crystallizes  out  on  cool- 
ing. It  is"  purified  by  treatment  with  animal  charcoal  and  re-ciys- 
tallization. 

Salicin  forms  small,  white,  silky  needles,  of  an  intensely  bitter  taste, 
which  have  no  alkaline  reaction.  It  melts  and  decomposes  by  heat, 
burning  with  n  bright  flame,  and  leaving  a  residue  of  charcoal.  It  is 
soluble  in  5'6  parts  of  cold  water,  and  in  a  much  smaller  quantity 
when  boiling  hot.  Oil  of  vitriol  colours  it  deep  red.  The  last  experi- 
ments of  M.  Piria  give  for  salicin  the  formula  C26H,gOj4. 

When  salicin  is  distilled  with  a  mixture  of  bichromate  of  potassa 
and  sulphuric  acid,  it  yields,  among  other  products,  a  yellow,  sweet- 
scented  oil,  wJiic/i  is  found  to  be  identical  with  the  volatile  oil  distilled 
from  the  flowers  of  the  Spirwa  uhaaria,  or  common  tneadow-sioeet. 
This  substance  appears  to  be  the  hydride  of  a  compound  salt-radical, 
salicyl,  containing  Ci4Hg04  ;  it  has  the  properties  of  a  hydi'ogen-acid. 


Table  of  Salicyl- Compounds. 

Salicyl  (symb.  SI)       .  .       .       .    Cj^  H5  O4 

Hydrosalicylic  acid  .       .  .       .        C,4  H5       O4  H 

Salicyhde  of  potassium  .  .       .       .     Cj4  H5       O4  K 

Hydrochlorosalicyhc  acid  .       .         C,4(H4C1)  O4  H 

Hydriodosalicylic  acid  ,        .       .      C(4(H4l)    O4  H 

Hydrobromosalicylic  acid .  .       .          Ci4(H4Br)  O4  H 

Salicylic  acid  C,4  H5  Oj.HO 

Hydrosalicylic  acid  ;  salicylous  acid  ;  artificial  oil  op 
MEADOW-SWEET,  SIH.— One  part  of  salicin  is  dissolved  in  10  of  water, 
and  mixed  in  a  retoi-t  with  1  part  of  powdered  bichromate  of  potassa, 
and  2^  parts  of  oil  of  vitriol  diluted  with  10  parts  of  water  ;  gentle 
heat  is  applied,  and  after  the  cessation  of  the  effervescence  first  pro- 
duced, the  mixture  is  distilled.  The  yellow  oily  product  is  separated 
from  the  water,  and  purified  by  rectification  from  chloride  of  calcium. 
It  is  thin,  colourless,  and  transparent,  but  acquires  a  red  tint 
by  exposure  to  the  air.  Water  dissolves  a  sensible  quantity  of 
this  substance,  acquiring  the  fragrant  odour  of  the  oil,  and  the  cha- 
racteristic property  of  striking  a  deep  violet  colour  with  a  salt  of  ses- 
quioxide  of  iron,  a  property  however  which  is  also  enjoyed  by  saL'cylic 
acid.  Alcohol  and  ether  dissolve  it  in  all  proportions.  It  has  a  den- 
sity of  1-173,  and  boils  at  385°  (1G6°-1C),  when  heated  alone.  Hydro- 
salicylic acid  decomposes  the  alkaline  carbonates  even  in  the  cold  •  it 
is  acted  upon  with  great  energy  by  chlorine  and  bromine.  By  £^a- 
lysis  ]t  IS  found  to  contain  C,4He04,  or  the  same  elements  as  crys- 
tallized benzoic  acid;  and  the  density  of  its  vapour  is  also  the  same 
being  4'276.  ' 
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Salicyltde  op  potassidm,  KSl.— This  compound  is  easily  pre- 
pared by  mixing  tlie  oil  with  a  strong  solution  of  caustic  potassa :  it 
separates,  on  agitation,  as  a  yellow  crystalline  mass,  which  may  be 
pressed  between  folds  of  blotting-paper,  and  re-crystallized  from  alcohol. 
It  forms  large,  square,  golden-yellow  tables,  which  have  a  greasy 
feel,  and  dissolve  very  easily  both  in  water  and  alcohol :  the  solution 
has  an  alkaline  reaction.  When  quite  dry,  the  crystals  are  permanent 
in  the  air;  but  in  a  humid  state  they  soon  become  greenish,  and 
eventually  change  to  a  black,  soot-like  substance,  insoluble  in  water, 
but  dissolved  by  spirit  and  by  solution  of  alkali,  called  melanic  acid. 
Acetate  of  potassa  is  formed  at  the  same  time.  Melanic  acid  con- 
tains CgoHgOiQ.  The  crystals  of  salicylide  of  potassium  contain 
water  which  cannot  be  expelled  without  partial  decomposition  of  the 
salt. 

Salicylide  of  ammonium,  NH^Sl,  crystallizes  in  yellow  needles, 
which  are  quickly  destroyed  with  production  of  ammonia  and  the 
hydride.  Salicylide  of  barium,  BaCi^H504-|-2HO,  forms  fine 
yellow  acicular  crystals,  which  are  but  slightly  soluble  in  the 
cold.    Salicylide  of  copper  is  a  green  insoluble  powder,  containing 

Salicylide  of  copper  by  destructive  distillation  gives,  among  other 
products,  hydride  of  salicyl  and  a  solid  body  forming  colourless  pris- 
matic crystals,  fusible  and  volatile.  It  is  insoluble  in  water,  but  dissolved 
by  alcohol  and  ether.  Nitric  acid  converts  it  into  anilic  and  picric  acids. 
(See  Indigo).  It  contains  C14H5O3,  and  is  isomeric  with  anhydrous 
benzoic  acid. 

Chlorohfdro-salictlic  acid,  C, 4  (HjCl)©^,!!.— Chlorine  acts 
very  strongly  upon  the  hydride  of  salicyl ;  the  liquid  becomes  heated, 
and  disengages  large  quantities  of  hydrochloric  acid.  The  product  is  a 
slightly  yellowish  crystalline  mass,  which,  when  dissolved  in  hot 
alcohol,  yields  colourless  tabular  ciystals  of  the  pure  compound,  having 
a  pearly  lustre.  This  substance  is  insoluble  in  water ;  it  dissolves 
freely  in  alcohol,  ether,  and  solutions  of  the  fixed  alkalis;  from  the 
latter  it  is  precipitated  unaltered  by  the  addition  of  an  acid.  It  is 
not  even  decomposed  by  long  ebullition  with  a  coucenti-ated  solution 
of  caustic  potassa.  Heated  in  a  retort,  it  melts  and  volatilizes,  con- 
densing in  the  cool  part  of  the  vessel  in  long,  snow-wliite  needles. 
The  odour  of  this  substance  is  peculiar  and  by  no  means  agreeable, 
and  its  taste  is  hot  and  pungent. 

Chlorohydro-salicylic  acid  combines  with  the  metallic  oxides ;  with 
potassa  it  forms  small  red  crystalline  scales,  very  soluble  in  water. 
The  corresponding  compound  of  barium,  prepared  from  the  foregoing, 
by  double  decomposition,  is  an  insoluble  crystalline,  yellow  powder, 
containing  BaC, 4(11401)04. 

Bromohydeo-salicylic  acid,  C,4(H4Br)  04,H. — The  bromine- 
compound  is  prepared  by  the  direct  action  of  bromine  on  the  hydride 
of  salicyl :  it  crystallizes  in  small  colourless  needles,  and  very  closely 
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resembles  in  properties  the  chloride.  The  hydride  of  salicyl  dis- 
solves a  large  quantity  of  iodine,  acquiring  thereby  a  blown  colour, 
but  forming  no  combination ;  the  iodide  may,  however,  be  procured 
by  distilling  iodide  of  potassium  with  chlorohydro-salicylic  acid.  It 
sublimes  as  a  blackish-brown  fusible  mass. 

Chlorosamide.— The  action  of  dry  ammoniacal  gas  on  pure  chlo- 
rohydro-salicylic acid  is  very  remarkable ;  the  gas  is  absorbed  in  large 
quantity,  and  a  solid  yellow,  resinous-looking  compound  produced, 
which  dissolves  in  boiling  ether,  and  separates  as  the  solution  cools  in 
fine  yellow  iridescent  crystals :  this  and  a  little  water  are  the  only 
products,  not  a  trace  of  sal-ammoniac  can  be  detected.  Chlorosamide 
is  nearly  insoluble  in  water ;  it  dissolves  without  change  in  ether,  and 
in  absolute  alcohol ;  with  hot  rectified  spirit  it  is  partially  decomposed, 
with  disengagement  of  ammonia.  Boiled  with  an  acid,  it  yields  an 
ammoniacal  salt  of  the  acid  and  chlorohydro-salicylic  acid ;  with  an 
alkali,  on  the  other  hand,  it  gives  free  ammonia,  while  chlorohydro- 
salicylic  acid  remains  dissolved.  Chlorosamide  contains  Cg4(Hi5Cl3)Ng 
Og  ;  it  is  formed  by  the  addition  of  2  eq.  of  ammonia  to  3  eq.  of  chloro- 
hydro-salicylic acid,  and  the  subsequent  separation  of  6  eq.  of  water. 
A  corresponding  and  very  similar  substance,  bromosamide,  is  foi-med 
by  the  action  of  ammonia  on  bi'omohydro-salicylic  acid. 

Saligenin. — This  curious  substance  is  a  product  of  the  decomposi- 
tion of  salicin  under  the  influence  of  the  emulsion  or  synaptase  of 
sweet  almonds ;  it  is  also  generated  by  the  action  of  dilute  acids.  In 
both  cases  the  salicin  is  resolved  into  saligenin  and  grape-sugar.  Sa- 
ligenin forms  colourless,  nacreous  scales,  freely  soluble  in  water,  alco- 
hol, and  ether.  It  melts  at  180°  (S2"C),  and  decomposes  at  a  higher 
temperature.  Dilute  acids  at  a  boiling  heat  convert  it  into  a  re- 
sinous-looking substance  Cj4Ha02,  called  saliretin.  Many  oxidiz- 
ing agents,  as  chromic  acid  and  oxide  of  silver,  convert  this  sub- 
stance into  hydride  of  salicyl :  even  platinum-black  produces  this 
effect.  Its  aqueous  solution  gives  a  deep  indigo-blue  colour  with  salts 
of  sesquioxide  of  iron.  Saligenin  contains  C14H8O4.  Hence  the 
transformation  of  salicin  is  represented  by  the  equation  : — 

2C26H^4  +  8HO  =  Ca.HasOaa  =  2Ci,EsO^ 
Salicin.  Grape-sugar.  Saligenin. 

Salicin  yiehls  with  chlorine  substitution-compounds  containing  that 
element,  which  are  susceptible  of  decomposition  by  synaptase,  with 
production  of  bodies  termed  chloro-  and  bichlorosaligenin.  Chloro- 
saligenin  very  closely  resembles  normal  saligenin,  and  contains 
CuCH^COO^.  Certain  products,  called  by  M.  Piria  helicin,  helicoidin, 
and  anilotic  acid  are  described  as  resulting  from  the  action  of  dilute 
nitric  acid  upon  salicin.  With  strong  acid  at  a  high  temperature 
nitro-salicylic  acid  (anilic  acid)  014(1141104)05, HO,  is  produced. 

Salicvlic  acid,  S10,H0. — This  compound  is  obtained  by  heating 
hydride  of  salicyl  with  excess  of  solid  hydrate  of  potassa ;  the  mix- 
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ture  is  at  first  brown,  but  aftei-wards  becomes  colourless ;  hydrogen 
gas  is  disengaged  during  the  reaction.  On  dissolving  the  melted  mass 
in  water,  and  adding  a  slight  excess  of  hydrochloric  acid,  the  salicylic 
acid  separates  in  crystals,  which  are  purified  by  re-solution  in  hot 
water.  This  substance  very  much  resembles  benzoic  acid ;  it  is  very 
feebly  soluble  in  cold  water,  is  dissolved  in  large  quantities  by  alco- 
hol and  ether,  and  may  be  sublimed  with  the  utmost  eas^e.  It  is 
charred  and  decomposed  by  hot  oil  of  vitriol,  and  attacked  with  great 
violence  by  strong,   heated  nitric   acid.     Salicylic   acid  contains 

Salicylic  acid  can  also  be  prepared  with  great  ease  by  fusing  salicin 
with  excess  of  hydrate  of  potassa,  and  also  by  the  action  of  a  concen- 
trated and  hot  solution  of  potassa  upon  the  volatile  oil  of  Gaultheria 
procumbens,  which  is  the  methyl-compound  of  this  acid  occurring  in 
nature  (see  essential  oils  containing  oxygen).  When  salicylic  acid  is 
mixed  with  powdered  glass  or  sand,  and  exposed  to  strong  and  sudden 
heat  in  a  retort,  it  is  almost  entirely  converted  into  carbonic  acid  and 
hydrate  of  phenyl,  CigHgOg,  a  substance  found  in  considerable  propor- 
tion in  coal-tar-naphtha, — and  the  same  change  happens  to  many  of  its 
salts  with  even  greater  facility. 

Phloridzin. — This  is  a  substance  bearing  a  great  likeness  to  sali- 
cin, found  in  the  root-rind  of  the  apple  and  cherry-tree,  and  extracted 
by  boiling  alcohol.  It  forms  fine,  colourless,  silky  needles,  soluble  in 
1000  parts  of  cold  water,  but  freely  dissolved  by  that  liquid  when  hot ; 
it  is  also  soluble  without  difficulty  in  alcohol.  It  contains  0^2^24^20 
-f  4H0.  Dilute  acids  convert  phloridzin  into  grape-sugar  and  a  crys- 
tallizable  sweet  substance  culled  phloj-ctin,  GgoH^^O^g, 

2(C,2H2,Oi,o+4HO)  =   Ca.H^eO^B   +  SCgoHj.Oio 

>  ,   V  ^  '  >  ,  ' 

Phloridzin.  Grape-sugar.  Phloretin, 

CUMARIN. — This  is  the  odoriferous  principle  o( thetonka-bean.  It  may 
be  often  seen  forming  minute  colourless  crystals  under  the  skin  of  the 
seed,  and  between  the  cotyledons.  It  is  best  extracted  by  macerating 
the  sliced  beans  in  hot  alcohol,  and,  after  straining  through  cloth,  dis- 
tilling off  the  greater  part  of  the  spirit.  The  syrupy  residue  deposits 
on  standing  ciystals  of  cumarin,  which  must  be  purified  by  pressure 
from  a  fat  oil  which  abounds  in  the  beans,  and  then  crystallized  from 
hot  water.  So  obtained,  cumarin  forms  slender,  brilliant,  colourless 
needles,  fusible  at  122°  (50°C),  and  distilling  without  decomposition 
at  a  higher  temperature.  It  has  a  fragrant  odour  and  burning  taste ; 
it  is  very  slightly  soluble  in  cold  water,  more  freely  in  hot  water,  and 
also  in  alcohol.  It  is  unaffected  by  dilute  acids  and  alkalis,  which 
merely  dissolve  it.  Boiling  nitric  acid  converts  it  into  picric  acid,  and 
a  hot  concentrated  solution  of  potassa  into  cumaric,  and  eventually 
into  salicylic  acid.  Cumarin  exists  in  several  other  plants,  as  the  Me- 
lilotus  officinalis,  the  Aspenila  odorata,  and  the  Anthoxanthum  odo- 
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ratum.  According  to  M.  Bleibtreu  it  contains  C18H6O4.  Cumaric 
acid  is  CisHoOg. 

CINNAMTL  AND  ITS  COMPOUNDS. 

The  essential  oil  of  cinnamon  seems  to  possess  a  constitution  aualo- 
gous  to  that  of  bitter-almond  oil ;  it  passes  by  oxidation  into  a  volatile 
acid,  the  cinnamic,  which  resembles  in  the  closest  manner  benzoic 
acid.  The  radical  assumed  in  these  substances  bears  the  name  of 
cinnamyl ;  it  has  not  been  isolated. 

Table  of  Cimamyl-Compounds. 

Cinnamyl  (symbol  Ci)    .       .       .       .  CisH^O^ 

Chloride  of  cinnamyl         .       .       .  CigHyOgCl 

Hydride  of  cinnamyl ;  oil  of  cinnamon    .  CigH^OgH 

Hydrated  oxide  of  cinnamyl ;  cinnamic  acid  CjgHyOgOjHO 

Cinnamylic  alcohol       ....  CigHgOjHO 

Cinnamate  of  cinnamylic  ether  .       .  CigHgOjCigHyOg 

Hydride  of  cinnamyl  ;  oil  of  cinnamon,  CiH.' — Cinnamon  of 
excellent  quality  is  crushed,  infused  twelve  hours  in  a  satm-ated  solu- 
tion of  common  salt,  and  then  the  whole  subjected  to  rapid  distillation. 
Water  passes  over,  milky  from  essential  oil,  which  after  a  time  sepa- 
rates. It  is  collected  and  left  for  a  short  time  in  contact  with  chloride 
of  calcium.  This  fragrant  and  costly  substance  has,  like  most  of  the 
volatile  oils,  a  certain  degree  of  solubility  in  water  ;  it  is  heavier  than 
that  liquid,  and  sinks  to  the  bottom  of  the  receiver  in  which  the  dis- 
tilled products  have  been  collected.  It  contains,  according  to  M. 
Dumas,  CjaHgOg. 

Cinnamic  acid,  CiO,HO. — When  pure  oil  of  cinnamon  is  exposed 
to  the  air,  or  enclosed  in  a  jar  of  oxygen,  it  is  quickly  converted  by  ab- 
soi-ption  of  the  gas  into  a  mass  of  white  crystalline  matter,  which  is 
hydrated  cinnamic  acid :  this  is  the  only  product.  Cinnamic  acid  is 
foimd  in  Peruvian  and  Tolu  balsams,  associated  with  benzoic  acid,  and 
certain  oily  and  resinous  substances :  it  may  be  procured  by  the  fol- 
lowing process  in  great  abundance,  and  in  a  state  of  perfect  purity. 
Old,  hai'd  Tolu  balsam  is  reduced  to  powder  and  intimately  mixed 
with  an  equal  weight  of  hydrate  of  lime ;  this  mixture  is  boiled  for 
some  time  in  a  large  quantity  of  water,  and  filtei-ed  hot.  On  cooling, 
cinnamate  of  lime  crystallizes  out,  while  benzoate  of  lime  remains  in 
solution.  The  impure  salt  is  re-dissolved  in  boiling  water,  digested 
with  animal  charcoal,-  and,  after  filtration,  suffered  to  crystallize.  The 
crystals  are  drained  and  pressed,-  once  more  dissolved  in  hot  water 
and  an  excess  of  hydrochloric  acid  being  added,  the  whole  is  allowed 
to  cool ;  the  pure  cinnamic  acid  separates  in  small  plates  or  needle- 
formed  crystals  of  perfect  whiteness.  From  the  original  mother-liquoi 
much  benzoic  acid  can  be  procured. 

The  ci-ystals  of  cinnamic  acid  are  smaller  and  less  distinct  than  those 
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of  benzoic  acid,  which  in  most  respects  it  veiy  closely  resembles  It 
melts  at  248"  (120oC),  and  enters  into  ebullition  and  distils  without 
change  at  560°  (293°-3C);  the  vapour  is  pungent  and  irritating. 
Cinnamic  acid  is  much  less  soluble,  both  in  hot  and  cold  water  than 
benzoic ;  a  hot  saturated  solution  becomes  on  cooling  a  soft-solid'  mass 
of  small  nacreous  crystals.  It  dissolves  with  perfect  ease  in  alcohol. 
Boiling  nitric  acid  decomposes  cinnamic  acid  with  gi-eat  energy,  and 
with  production  of  copious  red  fumes ;  bitter-almond  oil  distils  over 
and  benzoic  acid  remains  in  the  retort  in  which  the  experiment  is 
made.  When  cinnamic  acid  is  heated  in  a  retort  with  a  mi.\ture  of 
strong  solution  of  bichromate  of  potassa  and  oil  of  vitriol,  it  is  almost 
instantly  converted  into  benzoic  acid,  which  afterwards  distils  over 
with  the  vapour  of  water :  the  odour  of  bitter-almond  oil  is  at  the 
same  time  very  perceptible.  The  action  of  chlorine  is  different ;  no 
benzoic  acid  is  formed,  but  other  products,  which  have  not  been  per- 
fectly studied. 

Cinnamic  acid  forms  with  bases  a  variety  of  salts  which  are  very 
similar  to  the  benzoates.  The  crystallized  acid  contains  CigH^Oa, 
HO.  When  distilled  with  an  excess  of  lime  or  baryta,  cinnamic  acid 
undergoes  a  decomposition  analogous  to  that  of  benzoic  acid  ;  an  oily 
liquid,  cinnamol,  CigHg,  distils  over,  whilst  a  carbonate  of  the  alkaline 
earth  remains  behind,  C,(,HgO^-f  2BaO  =  2(BaO,C02)-|-C,8HB.  This 
oil  is  also  found  in  liquid  storax,  and  is  frequently  described  bv  the 
tenn  styrol.    (See  resins  and  balsams.) 

Chlorocinnose. — This  is  the  ultimate  product  of  the  action  of 
chlorine  on  oil  of  cinnamon  by  the  aid  of  heat.  When  purified  by 
crystallization  from  alcohol,  it  forms  brilliant,  colourless  needles,  fusi- 
ble, and  susceptible  of  volatilization  without  change.  It  is  not  affected 
by  boiling  oil  of  vitriol,  and  may  be  distilled  witbout  decomposition  in 
a  current  of  ammoniacal  gas.  Chlorocinnose  contains  Cj8H4Cl402 ; 
it  is  formed  by  the  substitution  in  the  oil  of  cinnamon  of  4  eq.  of  chlo- 
rine for  4  eq.  of  hydrogen.  The  true  chloride  of  cinnamyl,  CiCl, 
seems  to  be  first  formed  in  considerable  quantity,  and  subsequently 
decomposed  by  the  continued  action  of  the  chlorine ;  it  has  not  been 
separated  in  a  pure  state  ;  it  appears  as  a  very  thin,  fluid  oil,  con- 
vei'tible  into  a  crystalline  mass  by  strong  solution  of  potassa. 

When  cinnamon-oil  is  treated  with  hot  nitric  acid,  it  undergoes  de- 
composition, being  converted  into  hydiide  of  benzoyl  and  benzoic 
acid.  With  a  boiling  solution  of  chloride  of  lime  the  same  thing 
happens,  a  benzoate  of  the  base  being  generated.  If  the  oil  be  heated 
with  solution  of  caustic  potassa  it  remains  unaffected  ;  with  the  solid 
hydrate,  however,  it  disengages  pure  hydrogen,  and  forms  a  potassa- 
salt,  which  appears  to  be  the  cinnamate.  When  brought  into  contact 
with  cold  concentrated  nitric  acid,  a  crystalline,  yellowish,  scaly  com- 
pound is  obtained,  which  is  decomposed  by  water  with  separation  ot 
the  oil.  With  ammonia  a  solid  substance  is  produced,  wliich  also 
appears  to  be  a  direct  compound  of  the  two  bodies. 
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Two  varieties  of  oil  of  cinnamon  are  met  with  in  commerce  of  very 
unequal  vnlue,  viz.,  that  of  China  and  that  of  Ceylon;  the  former 
being  considered  the  better:  both  are,  however,  evidently  impure.  The 
pure" oil  may  be  extracted  from  them  by  an  addition  of  cold,  strong 
nitric  acid  ;  the  crystalline  mattei-  which  forms  after  the  lapse  of  a  few 
hours,  separated  and  decomposed  by  water,  yields  pure  hydride  of 
cinuamyl. 


There  can  be  no  doubt  that  the  cinnamic  acid  in  Tolu  and  Peru 
balsams  is  gradually  formed  by  the  oxidation  of  a  substance  very 
closely  related  to  the  alcohols.  When  these  balsams  are  first  imported 
they  are  nearly  fluid,  but  gradually  acquire  consistence  by  keeping. 
By  the  aid  of  an  alcoholic  solution  of  potassa,  a  compound  sometimes 
oily,  sometimes  solid,  may  be  separated  from  these  balsams,  which 
cannot  be  distilled  without  partial  decomposition.  This  compound 
described  respectively  under  the  name  of  cinnamein  (when  oily),  and 
styracin  (when  solid),  when  distilled  with  hydrate  of  potassa,  is  con- 
verted into  cinnamic  acid  and  a  neutral  substance,  which  likewise 
occurs  in  an  oily  and  crystalline  modification,  and  has  been  called, 
respectively,  peruvin  and  styrone.  These*  substances  are  related  to 
each  other  in  a  very  remarkable  manner.  Peruvin  may  be  viewed  as 
the  alcohol  of  cinnamic  acid,  when  cinnamein  becomes  the  compound 
ether,  consisting  of  this  alcohol  and  cinnamic  acid.  This  relation 
will  become  obvious  by  the  following  formulai : — 


Ethyl-series. 
Alcohol    .      .  C^HsO.HO 
Acetic  acid  .  C4Ha03,H0 
Acetic  ether    .  C^H50,C4H303 


Cinnamyl-series. 
Peruvin  .     .  Ci8HgO,HO 
Cinnamic  acid  CnjHyOgjHO 
Cinnamein    .  CjaHgOjCjaH^Og 


When  treated  with  oxidizing  agents,  peruvin  yields  cinnamic  acid, 
or  its  products  of  decomposition,  oil  of  bitter-almonds  and  benzoic  acid. 
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The  vegetable  acids  constitute  a  very  natural  and  important  family 
or  group  of  compounds,  many  of  which  possess  the  property  of  acidity, 
i.e.,  acid  reaction  to  Htmus-paper,  and  power  of  forming  stable,  neutral, 
and  often  crystallizable  compounds  with  bases,  to  an  extent  compar- 
able with  that  of  the  mineral  acids.  Some  of  these  bodies  are  very 
widely  diffused  through  the  vegetable  kingdom ;  others  are  of  much 
more  limited  occurrence,  being  found  in  some  few  particular  plants 
only,  and  very  frequently  in  combination  with  organic  alkaline  bases, 
in  conjunction  with  which  certain  of  them  will  be  found  described. 
Many  of  the  vegetable  acids  are  polybasic  ;  and  it  is  remarkable  that 
in  the  new  products,  or  pyro-acids,  to  which  they  often  give  rise  under 
the  influence  of  heat,  this  character  is  usually  lost. 

The  particular  acids  now  to  be  described  are  for  the  most  part  of 
extensive  and  general  occurrence ;  mention  will  be  made  of  some  of 
the  rarer  ones  in  connection  with  their  respective  sources. 

Table  of  Vegetable  Acids. 

Tartaric  acid   Ce  H40jo,2HO 

Racemic  acid      .       ,       .       .  Cg  H40io,2HO 

Citric  acid     .....  CigHjOipSHO 

Aconitic,  or  equisetic  acid     .       .  C4  H  ©3,110 

Malic  acid   Cg  H408,2H0 

Fumaric  acid      .       .       .       •  C4  H  03,H0 

Tannic  acid   Ci8H509,3HO 

Gallic  acid   C7  H  03,2HO 

Tartaric  acid. — This  is  the  acid  of  grapes,  of  tamarinds,  of  the 
pine-apple,  and  of  several  other  fruits,  in  which  it  occurs  in  the  state 
of  an  acid  potassa-salt ;  tartrate  of  lime  is  also  occasionally  met  with. 
The  tartaric  acid  of  commerce  is  wholly  prepared  from  the  tartar  or 
argol,  an  impure  acid  tartrate  of  potassa,  deposited  from  wine,  or  rather 
grape-juice,  in  the  act  of  fermentation.  This  substance  is  purified  by 
solution  in  hot  water,  the  use  of  a  little  pipe-clay,  and  animal  char- 
coal to  remove  the  colouring- matter  of  the  wine,  and  subsequent  crys- 
tallization ;  it  then  constitutes  cream  of  tartar,  and  serves  for  the 
preparation  of  the  acid.    The  salt  is  dissolved  in  boiling  water,  and 
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powdered  chalk  added  as  long  as  effervesceuce  is  excited,  or  the  liquid 
exhibits  an  acid  reaction  ;  tartrate  of  lime  and  neutral  tartrate  of 
potassa  result ;  the  latter  is  separated  from  the  former,  which  is  inso- 
luble, by  filtration.  The  solution  of  tartrate  of  potassa  is  then  mixed 
with  excess  of  chloride  of  calcium,  which  throws  down  all  the  remain- 
ing acid  in  the  form  of  lime-salt  ;  this  is  washed,  added  to  the  former 
portion,  and  then  the  whole  digested  with  a  sufficient  quantity  of  dilute 
sulphuric  acid  to  withdraw  the  base  and  liberate  the  organic  acid. 
The  filtered  solution  is  cautiously  evaporated  to  a  syrupy  consistence 
and  placed  to  crystallize  in  a  warm  situation. 

Tartaric  acid  forms  colourless,  transparent  crystals,  often  of  large 
size,  which  have  the  figure  of  an  oblique  rhombic  prism  more  or  less 
modified  :  these  are  permanent  in  the  air,  and  inodorous  ;  they  dissolve 
with  great  facility  in  water,  both  hot  and  cold,  and  are  soluble  also  in 
alcohol.  The  solution  reddens  litmus  strongly,  and  has  a  jjure  acid 
taste.  The  aqueous  solution,  as  has  been  mentioned  (page  65), 
possesses  right-handed  polarization.  This  solution  is  gradually  spoiled 
by  keeping.  Tartaric  acid  is  bibasic  ;  the  crystals  contain  C8H40io, 
2H0.  This  substance  is  consumed  in  large  quantities  by  the  calico- 
printer,  being  employed  to  evolve  chlorine  from  solution  of  bleaching- 
powder  in  the  production  of  white  or  discharged  patterns  upon  a 
coloured  ground. 

Tartrates  of  potassa  ;  neutral  tartrate  ;  soluble  tartar  ; 
2KO,CgH40io. — The  neutral  salt  may  he  procured  by  neutralizing 
cream  of  tartar  with  chalk,  as  in  the  preparation  of  the  acid,  or  by 
adding  carbonate  of  potassa  to  cream  of  tartar  to  saturation  ;  it  is  very 
soluble,  and  crystallizes  with  difficulty  in  right  rhombic  prisms,  which 
are  permanent  in  the  air,  and  have  a  bitter,  saline  taste. 

Acid  tartrate  of  potassa  ;  ckeam  of  tartar  ;  K0,H0,C8 
^40,0. — The  origin  and  mode  of  preparation  of  this  substance  have 
been  already  described.  It  fonns  small  transparent  or  translucent 
prismatic  crystals,  irregularly  grouped  together,  which  grit  between  the 
teeth.  It  dissolves  pretty  freely  in  boiling  water,  but  the  greater  part 
sepai-ates  as  the  solution  cools,  leaving  about  gL  or  less  dissolved  in 
the  cold  liquid.  The  salt  has  an  acid  reaction,  and  a  sour  taste.  When 
exposed  to  heat  in  a  close  vessel,  it  is  decomposed  with  evolution  of 
inflammable  gas,  leaving  a  mixture  of  finely-divided  charcoal  and  pure 
carbonate  of  potassa,  fi-om  which  the  latter  may  be  extracted  by  water. 
Cream  of  tartar  is  almost  always  produced  when  tartaric  acid  in  excess 
is  added  to  a  moderately-strong  solution  of  a  potassa-salt,  and  the  whole 
agitated. 

Tartrates  of  soda.— Two  compounds  of  tartaric  acid  with  soda 
are  known:  a  neutral  salt,  2NaO,C8H40io+4HO  ;  and  an  acid  salt, 
NaO,HO,C8H40iu-f2HO.  Both  are  easily  soluble  in  water,  and 
crystallize.  Tartaric  acid  and  bicarbonate  of  soda  form  the  ordinary 
effervescing  draughts. 

Tartrate  of  potassa  and  soda;  Rochelle  or  seignette 
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salt;  KO,NaO,CaH^Oio  +  8H0.— Tliis  beautiful  salt  is  made  by 
neutralizing  with  cai-bonate  of  soda  a  hot  solution  of  cream  of  tartar, 
and  evaporating  to  the  consistence  of  thin  syrup.  It  separates  in 
large,  transparent,  prismatic  crystals,  the  faces  of  which  are  unequally 
developed;  these  effloresce  slightly  in  the  air,  and  dissolve  in  I5  parts 
of  cold  water.  Acids  precipitate  cream  of  tartar  from  the  solution. 
Rochelle  salt  has  a  mild,  saline  taste,  and  is  used  as  a  purgative. 

Tartrates  of  ammonia. — The  neutral  tartrate  is  a  soluble  and 
efflorescent  salt  containing  2NH^0,C8H40,9  +  2H0.  The  acid  tar- 
trate, NH40,HO,C8H40,o,  closely  resembles  ordinary  cream  of  tartar. 
A  salt  corresponding  to  Rochelle  salt  also  exists,  having  oxide  of 
ammoniam  in  place  of  soda. 

The  tartrates  of  lime,  baryta,  strontia,  magnesia,  and  of  the  oxides 
of  most  of  the  metals  proper,  are  insoluble,  or  nearly  so,  in  wat«r. 
Tartrate  of  antimony  and  potassa,  or  tartar-emetic,  is  easily  made  by 
boiling  teroxide  of  antimony  in  solution  of  cream  of  tartar ;  it  is  depo- 
sited from  a  hot  and  concentrated  solution  in  crystals  derived  fi-om  an 
octahedron  with  rhombic  base,  which  dissolve  without  decomposition 
in  15  parts  of  cold  and  3  of  boilins;  water,  and  have  an  acrid  and 
extremely  disagreeable  metallic  taste.  The  solution  is  incompatible 
with,  and  decomposed  by,  both  acids  and  alkalis :  the  former  throw 
down  a  mixture  of  cream  of  tartar  and  teroxide  of  antimony,  and  the 
latter  the  teroxide,  which  is  again  dissolved  by  great  excess  of  the 
reagent.  Sulphuretted  hydrogen  separates  all  the  antimony  in  the 
state  of  tersulphide.  Heated  in  a  dry  state  on  charcoal  before  the 
blowpipe,  it  yields  a  globule  of  metallic  antimony.  The  crystals 
contain  KO,Sb03,C8H40io  +  2HO.* 


An  analogous  compound  containing  arsenious  acid  (AsOj)  in  place 
of  teroxide  of  antimony  has  been  described.  It  has  the  same  crystal- 
line form  as  tartar-emetic. 

A  solution  of  tartaric  acid  dissolves  hydrated  sesquioxide  of  iron  in 
large  quantity,  fomiing  a  brown  liquid  which  has  an  acid  reaction, 
and  dries  up  by  gentle  heat  to  a  brown,  transparent,  glassy  substance, 
destitute  of  all  traces  of  crystallization.  It  is  very  soluble  in  water, 
and  tlie  solution  is  not  precipitated  by  alkalis,  fixed  or  volatile.  In- 
deed, tartaric  acid  added  in  sufficient  quantity  to  a  solution  of  sesqui- 
oxide of  iron  or  alumina,  entirely  prevents  the  precipitation  of  the 
bases  by  excess  of  ammonia.  Tartrate  and  ammoniacal  tartrate  of 
iron  are  used  in  medicine,  these  compounds  having  a  less  disagreeable 
taste  than  most  of  the  iron-preparations. 

*  According  to  Dumas,  KO.SbOa.CaH'iOio  +  HO.  Dried  at  212°  (lOOOC), 
an  equivalent  of  water  is  lost,  and  at  428°  (220°C),  two  additional  equiva- 
lents, leaving  the  compound  KO,Sb03,CiH.30a,  which  can  no  longer  contain 
ordinary  tartaric  acid.  Nevertheless,  when  dissolved  in  water,  the  ciystals 
again  take  up  the  elements  of  water  and  reproduce  the  original  salt. 
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Solution  of  tartaric  acid  gives  white  precipitates  with  lime-  and 
baryta-water,  and  with  acetate  of  lead,  which  dissolve  in  excess  of  the 
acid  ;  with  neutral  salts  of  lime  and  baryta  no  change  is  produced. 
The  effect  on  solutions  of  potassa-salts  has  been  already  noticed. 


Action  of  heat  on  tartaric  acid.— When  crystallized  tartaric 
acid  is  exposed  to  a  temperature  of  400^  (204°-5C)  or  thereabouts,  it 
melts,  loses  water,  and  passes  through  three  different  modifications, 
called  in  succession  tartralic,  tartrclic,  and  anhydrous  tartaric  acid. 
The  two  first  are  soluble  in  water,  and  form  salts  which  have  pro- 
perties completely  different  from  those  of  ordinarytartaric  acid.  The 
third  substance,  or  the  anhydrous  acid,  is  a  white  insoluble  powder. 
All  three,  in  contact  with  water  slowly  pass  into  common  tartaric 
acid.    Their  composition  is  thus  expressed  :  — 

Ordinary  tartaric  acid  .       .       .  CsH^OjoiSHO 

Tartralic  acid   ....  SCgH^Oio.SHO 
Tartrelic  acid      ....  CbH^Oio.HO 
Anhydrous  acid        .       .       .  CeH^Ojo 

The  analogy  borne  by  these  bodies  to  the  several  modifications  of 
phosphoric  acid  will  be  at  once  evident. 

Pykotartaric  acid. — When  crystallized  tartaric  acid  is  subjected 
to  destructive  distillation,  a  heavy  acid  liquid  containing  this  sub- 
stance passes  over,  accompanied  by  a  large  quantity  of  carbonic  acid ; 
in  the  retort  is  left  a  semi-fluid  black  mass,  which,  by  fai-ther  heating, 
gives  combustible  gases,  an  empyreumatic  oil,  and  a  residue  of  char- 
coal. The  distilled  product  exhales  a  powerful  odour  of  acetic  acid, 
and  is  with  great  difficulty  purified.  Pyrotartaric  acid  forms  a  series 
of  salts,  and  an  ether;  it  is  supposed  to  contain  CgHgOjjHO.  A 
second  pyro-acid  sometimes  separates  in  crystals  from  the  preceding 
compoimd,  and  may  be  obtained  in  larger  quantity  by  the  destructive 
distillation  of  cream  of  tai'tar  ;  it  is  composed  of  CjHgOjjHO. 

When  tartaric  acid  is  heated  to  400°  (204°-5O)  with  excess  of 
hydrate  of  potassa,  it  is  resolved  without  charring  or  secondary  de- 
composition into  oxalic  and  acetic  acids,  which  remain  in  union  with 
the  base,  and  only  undergo  decomposition  at  a  much  higher  tempera- 
ture. 

Racemic  acid  ;  paratartaric  acid. — The  grapes  cultivated  in 
certain  districts  of  the  Upper  Rhine,  and  also  in  the  Vosges,  in 
France,  contain,  in  association  with  tartaric  acid,  another  and  peculiar 
acid  body,  to  which  the  term  racemic  acid  is  given  ;  it  is  rather  less 
soluble  than  tartaric  acid,  and  separates  first  from  the  solution  of  that 
substance.  Between  these  two  acids,  however,  the  greatest  possible 
resemblance  exists ;  they  have  exactly  the  same  composition,  and  yield 
when  exposed  to  heat,  the  same  products ;  the  salts  of  racemic  acid 
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correspond  also,  in  the  closest  manner,  with  the  tartrates.  A  solution 
of  this  acid  precipitates  a  neutral  salt  of  lime,  which  is  not  the  case 
with  tartaric  acid.  A  solution  of  racemic  acid  does  not  rotate  the 
plane  of  polarization. 

Racemic  acid  has  been  lately  the  subject  of  some  exceedingly  in- 
teresting researches  by  M.  Pasteur,  which  have  thrown  much  light 
upon  the  relation  of  this  acid  to  tartaric  acid.  If  racemic  acid  be 
saturated  with  potassa,  or  soda,  or  with  most  other  bases,  crystals  are 
obtained,  which  are  identical  in  fonn  and  physical  properties.  By 
saturating  racemic  acid,  however,  with  two  bases,  by  forming,  for 
instance,  compounds  corresponding  to  Rochelle-salt,  which  contain 
potassa  and  soda  or  ammonia  and  soda,  and  allowing  the  solution  to 
crystallize  slowly,  two  varieties  of  crystals  'are  produced,  which  may 
be  distinguished  by  their  form,  namely,  as  the  image  and  the  reflec- 
tion of  the  image,  or  as  right-handed  and  left-handed.  If  the  two 
kinds  of  crystals  ai'e  carefully  selected  and  separately  crystallized, 
in  each  case  crystals  of  the  one  variety  only  are  deposited.  The  com- 
position, the  specific  gravity,  and,  in  fact,  most  of  the  physical  proper- 
ties of  these  two  varieties  of  racemate  of  potassa  and  soda,  ai'e  invari- 
ably the  same.  They  differ,  however,  somewhat  in  their  chemical 
characters,  and  especially  in  one  point,  they  rotate  the  plane  of 
polarization  in  opposite  directions.  (See  page  65.)  M.  Pasteur  as- 
sumes in  the  two  varieties  of  crystals  the  existence  of  two  modifica- 
tions of  the  same  acid,  which  he  distinguishes,  according  as  the 
salts  possess  right-  or  left-handed  polarization,  by  the  tenns  dextro- 
racemic  and  levo-racemic  acids.  These  acids  can  be  separated  by 
converting  the  above  compounds  into  lead-  or  baryta-salts,  and  decom- 
posing them  by  means  of  sulphuric  acid.  In  this  manner  two  crys- 
tallme  acids  are  obtained,  identical  in  every  respect  excepting  in  their 
deportment  with  polarized  light,  and  in  their  crystals  behaving  as 
image  and  reflection.  Dextroracemic  acid  is  nothing  but  common 
tartaric  acid.  A  mixture  of  equal  parts  of  the  two  acids  has  no 
longer  the  slightest  effect  on  polarized  light,  and  exhibits  in  every 
respect  the  deportment  of  racemic  acid. 

Within  the  last  few  months  M.  Pasteur,  in  continuing  his  beautiful 
researches,  has  made  the  important  discovery  that  racemic  acid  may  be 
artificially  produced  by  the  action  of  heat  upon  certain  compounds  of 
tartaric  acid,  which  are  capable  of  resisting  a  liigh  temperature.  If 
tartrate  of  cinchonine  (see  further  on,  the  article  on  cinchonine  in  the 
section  of  the  Vegeto-alkalis)or  tartaric  ether  be  exposedto  a  temperature 
of  about  338°  (170°C),and  the  product  thus  formed  be  repeatedly  boiled 
with  water,  a  solution  is  obtained,  which  yields  when  mixed,  after 
cooling,  with  an  excess  of  chloride  of  calcium,  a  considerable  precipitate 
of  racemate  of  lime.  Compounds  of  levoracemic  acid,  when  submitted 
to  the  action  of  heat,  likewise  furnish  racemic  acid.  The  fonnation 
of  racemic  acid  in  these  reactions  is  accompanied  by  the  production  of 
a  fourth  modification  of  tartaric  acid,  which  M.  Pasteur  calls  inactive 
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tartaric  acid.  Like  racemic  acid  it  has  no  action  on  polarized  light, 
but  cannot,  like  the  latter,  be  resolved  into  levo-  and  dextro-racemic 

Citric  acid.— Citric  acid  is  obtained  in  large  quantity  from  the 
juice  of  limes  and  lemons ;  it  is  found  in  many  other  fruits,  as  in 
gooseberries,  currants,  &c.,  in  conjunction  with  another  acid,  the 
malic.  In  the  preparation  of  this  acid,  the  juice  is  allowed  to  fennent 
a  short  time,  in  order  that  mucilage  and  other  impurities  may  separate 
and  subside ;  the  clear  liquor  is  then  carefully  saturated  with  chalk, 
which  forms,  with  the  citric  acid,  an  insoluble  compound.  This  is 
thoroughly  washed,  decomposed  by  the  proper  quantity  of  sulphuric 
acid,  diluted  with  water,  and  the  filtered  solution  evaporated  to  a 
small  bulk,  and  left  to  crystallize.  The  product  is  drained  from  the 
mother-liquor,  re-dissolved,  digested  with  animal  charcoal,  and  again 
concentrated  to  the  crystallizing-point.  Citric  acid  forms  colourless, 
prismatic  crystals,  which  have  a  pure  and  agreeably  acid  taste ;  they 
dissolve,  with  great  ease,  in  both  hot  and  cold  water;  the  solution 
strongly  reddens  litmus,  and,  when  long  kept,  is  subject  to  sponta- 
neous change. 

Citric  acid  is  tribasic ;  its  formula  in  the  gently  dried  and  anhy- 
drous silver-salt  is  C12H5O1,.  The  hydrated  acid  crystallizes  with 
two  different  quantities  of  water,  assuming  two  different  forms. 
The  crystals,  which  separate  by  spontaneous  evaporation  from  a  cold 
saturated  solution,  contain  CigHjO, i,3HO-|-2HO,  the  last  being 
water  of  crystallization ;  while,  on  the  other  hand,  those  which  are 
deposited  from  a  hot  solution  contain  but  4  equivalents  of  water  alto- 
gether, three  of  which  are  basic.  Citric  acid  is  entirely  decomposed 
when  heated  with  sulphuric  and  nitric  acids ;  the  latter  converts  it 
into  oxalic  acid.  Caustic  potassa,  at  a  high  temperature,  resolves  it 
into  acetic  and  oxalic  acids.*  When  subjected  to  the  action  of 
chlorine,  the  alkaline  citrates  yield  among  other  products  chloroform. 

The  citrates  ai-e  very  numerous,  the  acid  forming,  like  ordinary 
phosphoric  acid,  three  classes  of  salts,  which  contain  respectively 
3  eq.  of  a  metallic  oxide,  2  eq.  of  oxide,  and  1  eq.  of  basic  water,  and 
1  eq.  oxide  and  2  eq.  basic  water,  besides  true  basic  salts,  in  which 
the  water  of  crystallization  is  perhaps  replaced  by  a  metallic  oxide. 

The  citrates  of  the  alkalis  are  soluble  and  crystallizable  with 
greater  or  less  facility ;  those  of  baryta,  strontia,  lime,  lead,  and 
silver  are  insoluble. 

Citric  acid  resembles  tartaric  acid  in  its  relations  to  sesquioxide  of 
iron ;  it  prevents  the  precipitation  of  that  substance  by  excess  of 

*  The  easy  conversion  of  tartaric  and  citric  acids  into  a  mixture  of  oxalic 
and  acetic  acids  by  the  action  of  heat,  aided  by  the  presence  of  a  powerful 
base,  has  led  to  the  idea  of  the  possible  pre-existeuce  of  these  last-named 
bodies  in  the  two  vegetable  acids,  which  may  thus  be  compounded  of  two 
acids  of  simpler  constitution,  forming  coupled  or  conjugate  acids,  of  which 
several  have  been  supposed  to  exist.  These  views,  although  'sometimes 
useful,  are  not  at  present  supported  by  evidence  of  great'importance. 
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ammonia.  The  citrate,  obtained  by  dissolving  the  hydrated  sesqui- 
oxide  in  solution  of  citric  acid,  dries  up  to  a  pale-brown,  transparent, 
amorphous  mass,  which  is  not  very  soluble  in  water  ;  an  addition  of 
ammonia  increases  the  solubility.  Citrate  and  ammonio-citrate  of 
iron  are  elegant  medicinal  preparations.  Vei-y  little  is  known  respect- 
ing the  composition  of  these  curious  compounds ;  the  absence  of  crys- 
tallization is  a  great  bar  to  inquii-y. 

Citric  acid  is  sometimes  adulterated  with  tartaric;  the  fraud  is 
easily  detected  by  dissolving  the  acid  in  a  little  cold  water,  and  add- 
ing to  the  solution  a  small  quantity  of  acetate  of  potassa.  If  tartaric 
acid  be  present,  a  white,  crystalline  precipitate  of  cream  of  tartar  will 
be  produced  on  agitation. 

AcONiTic,  OR  EQ0ISETIC  ACID. — When  cVystallized  citric  acid  is 
heated  in  a  retort  until  it  begins  to  become  coloured,  and  to  undergo 
decomposition,  and  the  fused,  glassy  product,  after  cooling,  dissolved 
in  water,  an  acid  is  obtained,  differing  completely  in  properties  fi'om 
citric  acid,  but  identical  with  an  acid  extracted  from  the  Aconitum 
napellus  and  the  Equisetum  fluviatile.  Aconitic  acid  forms  a  white, 
confusedly-crystalline  mass,  permanent  in  the  air,  and  very  soluble  in 
water,  alcohol,  and  ether ;  the  solution  has  an  acid  and  astringent 
taste.  The  salts  of  aconitic  acid  possess  but  little  interest ;  that  of 
baryta  forms  an  insoluble  gelatinous  mass ;  aconitute  of  lime,  which 
has  a  certain  degree  of  solubility,  is  found  abundantly  in  the  ex- 
pressed juice  of  the  monkshood,  and  aconitate  of  magnesia  in  that  of 
the  equisetum. 

Hydrated  aconitic  acid  contains  C4H03,H0  ;  it  is  formed  in  the  arti- 
ficial process  above  described,  by  the  breaking  up  of  1  eq.  of  hydrated 
citric  acid,  CigHeOi^,  into  2  eq.  of  water  and  3  eq.  of  hydi-ated 
aconitic  acid.  There  are,  however,  invariably  many  secondaiy  pro- 
ducts foimed,  such  as  acetone,  carbonic  oxide,  and  carbonic  acid. 
The  farther  action  of  heat  upon  aconitic  acid  gives  rise  to  several 
new  acids,  especially  citraconic  and  itaconic  acids,  botli  expressed  by 
the  formula  CgHgOajHO.  The  limits  of  this  elementary  work  will 
not  permit  us  to  enter  into  a  description  of  these  farther  products  of 
decomposition. 

Malic  acid.— This  is  the  acid  of  apples,  pears,  and  various  other 
fruits;  it  is  often  associated,  as  already  observed,  with  citric  acid. 
An  excellent  process  for  preparing  the  acid  in  question  is  that  of  Mr. 
Everitt,  who  has  demonstrated  its  existence,  in  great  quantity,  in  the 
juice  of  the  common  garden  rhubarb;  it  is  there  accompanied  by  acid 
oxalate  of  potassa.  The  rhubai-b  stalks  are  peeled,  and  ground  or  gi-ated 
to  pulp,  which  is  subjected  to  pressure.  The  juice  is  heated  to  the 
boiling-point,  neutralized  with  carbonate  of  potassa,  and  mixed  with 
acetate  of  liirie  ;  insoluble  oxalate  of  lime  fells,  which  is  removed 
by  filtration.  To  the  clear  and  nearly  colouriess  liquid,  solution  of 
acetate  of  lead  is  added  as  long  as  a  pi-ecipitate  continues  to  be  pro- 
duced.   The  malate  of  lead  is  collected  on  a  filter,  washed,  diffused 
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through  water,  and  decomposed  by  sulphuretted  hydrogen.*  The  fil- 
tered liquid  is  carefully  evaporated  to  the  consistence  of  syrup,  and 
left  in  a  dry  atmosphere  until  it  becomes  converted  into  a  solid  and 
somewhat  crystalline  mass  of  malic  acid :  regular  crystals  have  not 
been  obtained.  From  the  beri-ies  of  the  mountain-ash  (^Sorbus  aucii- 
paria),  in  which  malic  acid  is  likewise  present  in  considerable  quantity, 
especially  at  the  time  they  commence  to  ripen,  the  acid  may  be  pre- 
pared by  the  same  process. 

Malic  acid  is  bibasic,  its  formula  being  CBH40a,2H0  ;  it  forms  a 
variety  of  salts,  some  of  which  are  neutral,  others  acid.  In  the  pre- 
sence of  fermenting  substances,  especially  of  putrefying  casein,  it  is 
itself  decomposed,  yielding  succinic,  acetic,  and  carbonic  acid. 

3(C8H,08,2HO)  =  2(C8H,Og,2HO)+C4H303,HO-|-4COg  +  2HO. 
>  ^  '    <  ^  '  •  

Malic  acid.  Csuccinic  acid.      Acetic  acid. 

Sometimes  also  butyric  acid  and  hydrogen  are  observed  among  the 
products  of  this  decomposition.  Malic  acid  is  colourless,  slightly 
deliquescent,  and  very  soluble  in  water ;  alcohol  also  dissolves  it. 
The  aqueous  solution  has  an  agreeably  acid  taste  ;  it  becomes  mouldy, 
and  spoils  by  keeping.  The  most  characteristic  of  the  malates  are 
the  ccoid  malate  of  ammonia,  NH40,H0,C8H408,  which  crystallizes 
remarkably  well,  and  the  malate  of  lead,  which  is  insoluble  in  pure 
water,  but  dissolves,  to  a  considerable  extent,  in  warm  dilute  acid, 
and  separates,  on  cooling,  in  brilliant,  silvery  crystals,  which  contain 
water.  The  acid  may,  by  this  feature,  be  distinguished.  The  acid 
malate  of  lime,  CaO,HO,C8H408-|-6HO,  is  also  a  very  beautiful  salt, 
freely  soluble  in  warm  water.  It  is  prepared  by  dissolving  the 
sparingly  soluble  neutral  malate  of  lime  in  hot  dilute  nitric  acid,  and 
leaving  the  solution  to  cool. 

Recent  researches  of  M.  Piria  have  established  a  most  intimate 
relation  between  malic  acid  and  two  substances — asparagin  and  aspar- 
tic  acid,  which  will  be  described  in  one  of  the  succeeding  sections. 
These  compounds  may  be  viewed  as  nialamide  and  malamic  acid, 
analogous  to  oxamide  and  oxamic  acid. 

Oxalic  acidf  .  0^0^,2YL0  Malic  acid      ,  C8H408,2H0 

Neutral  oxa-  I  (  Neutral  ma-  1 

late  of  am-  \  Qfiefi^'&^O    \    late  of  am-  [  C8H408,2NH40 

monia     .    )  j    monia     .  J 

Oxamide  .    .  C^H^N.O^       (  ^'^I'-^^^iJe       |  CeHaN^Og 
*  *  ^  *       \^   asparagm      jus  a^g 

*  If  the  acid  be  required  pure,  crystallized  malate  of  lead  must  be  used,  the 
freshly-precipitated  salt  invariably  carrying  down  a  quantity  of  lime,  which 
cannot  be  removed  by  simple  washing. 

f  We  have  here  doubled  the  formula  of  oxalic  acid,  when  it  becomes 
bibasic,  like  malic  acid.  There  are,  in  fact,  many  features  in  the  history 
of  oxalic  acid,  which  render  it  probable  Uiat  it  is  bibasic.  In  the  text  we 
have  still  retamed  the  generally,  received  fonnula. 
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Binoxalate  of  1  „  „  „^  /  Bimalate    of  1  ^  „  ^  „^ 

ammonia     |C,06,H0,NH,0|   ^^^^^^^      |  CgHA.HO.NH.O 

Osamic  acid  .  C^H.NOj.HO  i  ^alamic  acid  )  ^  „ 

*  *     *'       I    asparticacid  J  '^siiaJ^^/jnU 

Hitherto  neither  asparagin  nor  aspartic  acid  have  been  actually 
obtained  from  malic  acid.  On  the  contraiy,  these  substances  are  con- 
verted with  the  greatest  facility  into  malic  acid.  On  passing  a  cur- 
rent of  nitrous  acid  into  a  solution  of  asparagin  or  aspartic  acid,  pure 
nitrogen  is  evolved,  malic  being  liberated. 

CsHgNgO,  +  2NO3  =  C8H^,2HO_+  2H0  -f  4N 
Asparagin.  Malic  acid. 

FuMARic  AND  MALEiC  ACIDS. — If  malic  acid  be  heated  in  a  small 
retort,  nearly  filled,  it  melts,  emits  water,  and  enters  into  ebullition; 
a  volatile  acid  passes  over,  which  dissolves  in  the  water  of  the  re- 
ceiver. After  a  time,  small  solid,  crystalline  scales  make  their  appear- 
ance in  the  boiling  liquid,  and  increase  in  quantity,  until  the  whole 
becomes  solid.  The  process  may  now  be  interrupted,  and  the  con- 
tents of  the  retort,  after  cooliug,  treated  with  cold  water ;  unaltered 
malic  acid  is  dissolved  out,  and  the  new  substance,  having  a  smaller 
degree  of  solubility,  is  left  behind  ;  it  is  called  fiimaric  acid  from  its 
identity  with  an  acid  extracted  from  the  common  fumitory. 

Fumaric  acid  forms  small,  white,  crystalline  laminae,  which  dissolve 
freely  in  hot  water  and  alcohol,  but  require  for  that  purpose  about 
200  parts  of  cold  water  ;  it  is  unchanged  by  hot  nitric  acid.  When 
heated  in  a  current  of  air  it  sublimes,  but  in  a  retort  undergoes  de- 
composition. This  is  a  phenomenon  often  observed  in  organic  bodies 
of  small  volatility.  Fumaric  acid  forms  salts,  which  have  been- 
examined  by  M.  Riecklier,  and  an  ether,  which,  by  the  action 
of  ammonia,  yields  a  white,  amorphous,  insoluble  powder,  called 
fumaramide,  corresponding  in  properties  and  constitution  with  oxa- 
mide.  Hydrated  fumai'ic  acid  contains  C4H03,H0 ;  hence  it  is 
isomeric  with  aconitic  acid. 

The  volatile  acid  produced  simultaneously  with  the  fumaric  acid  is 
called  maleic  acid  ;  it  maybe  obtained  in  crystals  by  evaporation  in  a 
warm  place.  It  is  very  soluble  in  water,  alcohol,  and  ether  ;  it  has 
a  strongly  acid  taste  and  reaction,  and  is  convertible  by  heat  into 
fumaric  acid.  Hydrated  maleic  acid  contains  C8H205,2HO.  Maleic 
and  fumaric  acids  are  thus  seen  to  have  precisely  the  same  composi- 
tion ;  they  are  formed  by  the  separation  of  2  eq.  of  water  from 
hydrated  malic  acid. 

Tannic  and  gallic  acids, — These  are  substances  in  which  the 
acid  character  is  much  less  strongly  marked  than  in  the  preceding 
bodies  ;  they  constitute  the  astringent  principles  of  plants,  and  are 
widely  diffused,  in  one  form  or  other,  through  the  vegL'table  kingdom. 
It  is  possible  that  there  may  be  several  distinct  modifications  of 
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tannic  acid,  which  differ  among-  themselves  in  some  particulars. 
The  astringent  principle  of  oak-bark  and  nut-galls,  for  example,  is 
found  to  precipitate  salts  of  sesquioxide  of  iron  bluish-black,  while 
that  from  the  leaves  of  the  sumach  and  tea-plant,  as  well  as  infusions 
of  the  substances  known  in  commerce  imder  the  names  of  kino  and 
catechu,  are  remarkable  for  giving,  under  similar  circumstances,  pre- 
cipitates which  have  a  tint  of  gi-een.  The  colour  of  a  precipitate  is, 
however,  too  much  influenced  by  external  causes  to  be  relied  upon  as 
a  proof  of  essential  difference.  Unfortunately,  the  tannic  acid  or 
acids  refuse  to  crystallize ;  one  most  valuable  test  of  individuality  is 
therefore  lost. 

After  the  reaction  with  salts  of  sesquioxide  of  iron,  the  most  charac- 
teristic feature  of  tannic  acid  and  the  other  astringent  infusions  re- 
ferred to,  is  that  of  fonning  insoluble  compounds  with  a  great  variety 
of  organic,  and  especially  animal  substances,  as  solutions  of  starch 
and  gelatin,  solid  muscular  fibre  and  skin,  &c.,  which  then  acquire 
the  property  of  resisting  putrefaction ;  it  is  on  this  principle  that 
leather  is  manufactured.  Gallic  acid,  on  the  contrary,  is  useless  in 
the  operation  of  tanning. 

Tannic  Acid  of  the  Oak. — This  substance  may  be  prepared  by 
the  elegant  and  happy  method  of  M.  Pelouze,  from 
nut-galls,  which  are  excrescences  produced  on  the  ^^0- 
leaves  of  a  species  of  oak,  the  Quercus  infectoria, 
by  the  puncture  of  an  insect.  A  glass  vessel,  having 
somewhat  the  figui-e  of  that  represented  in  the  mar- 
gin, is  loosely  stopped  at  its  lower  extremity  by  a  bit 
of  cotton  wool,  and  half  or  two-thirds  filled  with  pow- 
dered Aleppo-galls.  Ether,  prepared  in  the  usual 
manner  by  rectification,  and  containing,  as  it  inva- 
riably does,  a  little  water,  is  then  poured  upon  the 
powder,  and  the  vessel  loosely  stopped.  The  liquid, 
which  after  some  time  collects  in  the  receiver  below, 
consists  of  two  distinct  strata :  the  lower,  which  is 
almost  colourless,  is  a  very  strong  solution  of  neai-ly 
pure  tannic  acid  in  water ;  the  upper  consists  of  ether 
holding  in  solution  gallic  acid,  colouring  matter,  and 
other  impurities.  The  carefully-separated  heavy 
liquid  is  placed  to  evaporate  over  a  surface  of  oil  of 
vitriol  in  the  vacuum  of  the  air-pump.  Tannic  acid, 
or  tannin,  thus  obtained,  forms  a  slightly  yellowish, 
friable,  porous  mass,  without  the  slightest  tendency 
to  ciystallization.  It  is  very  soluble  in  water,  less  so 
in  alcohol,  and  very  slightly  soluble  in  ether.  It 
reddens  litmus,  and  possesses  a  pure  astringent  taste 
without  bitterness. 

A  strong  solution  of  this  substance  mixed  with  mineral  acids  (rives 
rise  to  precipitates,  which  consist  of  combinations  of  the  tannic\cid 
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with  the  acids  in  question:  these  compounds  are  freely  soluble  in 
pure  water,  but  scarcely  so  in  acid  solutions.  Tannic  acid  precipi- 
tates albumin,  gelatin,  salts  of  the  vegeto-alkalis,  and  several  other 
substances ;  it  forms  soluble  compounds  with  the  alkalis,  which,  if 
excess  of  base  be  present,  rapidly  attract  oxygen,  and  become  brown 
by  destruction  of  the  acid ;  the  tannates  of  baryta,  strontia,  and  lime 
are  sparingly  soluble,  and  those  of  the  oxides  of  lead  and  antimony 
insoluble.  Salts  of  protoxide  of  iron  are  unchanged  by  solution  of 
tannic  acid ;  salts  of  the  sesquioxide,  on  the  contrary,  give  with  it  a 
deep  bluish-black  precipitate,  which  is  the  basis  of  writing-ink  ;  hence 
the  value  of  an  infusion  of  tincture  of  nut-galls  as  a  test  for  the  pre- 
sence of  that  metal.  The  action  of  acids  upon  tannic  acid  gives  rise 
to  the  fonnation  of  gallic  acid,  which  will  be  presently  described,  with 
simultaneous  separation  of  grape-sugar.  Hence  tannic  acid  would 
appear  to  be  a  conjugated  sugar-compound. 

Tannic  acid,  carefully  dried,  contains  CjsHjOg-t-SHO.* 

Tannic  acid,  closely  resembling  that  obtained  from  galls,  may  be 
extracted  by  cold  water  from  catechu ;  hot  water  dissolves  out  a  sub- 
stance having  feebly  acid  properties,  termed  catechin.  This  latter 
compound,  when  pure,  crystallizes  in  fine  colourless  needles,  which 
melt  when  heated,  and  dissolve  very  fi-eely  in  boiling  water,  but 
scarcely  at  all  in  the  cold.  Catechin  dissolves  also  in  hot  alcohol 
and  ether.  The  aqueous  solution  acquires  a  red  tint  by  exposure  to 
air,  and  precipitates  acetate  of  lead  and  corrosive  sublimate  white, 
reduces  nitrate  of  silver  on  the  addition  of  ammonia,  but  fails  to  form 
insoluble  compounds  with  gelatin,  starch,  and  the  vegeto-alkalis.  It 
strikes  a  deep-green  colour  with  the  salts  of  sesquioxide  of  iron.  This 
body  is  said  to  be  convertible  by  heat  into  tannic  acid. 

The  formula  which  has  been  assigned  to  catechin  is  CijHgOg. 

Japonic  and  rubic  acids  are  fonned  by  the  action  of  alkali  in 
excess  upon  catechin;  the  first  in  the  caustic  condition,  and  the 
second  when  in  the  state  of  carbonate.  Japonic  acid  is  a  black  and 
nearly  insoluble  substance,  soluble  in  alkalis  and  precipitated  by 
adds,  containing  Ci2H^04,H0;  it  is  perhaps  identical  with  a  black 
substance  of  acid  properties,  formed  by  M.  Peligot  by  heating  grape- 
sugar  with  hydrate  of  baryta.  Rubic  acid  has  been  but  little  studied  ; 
it  is  said  to  form  red  insoluble  compounds  with  the  earths  and  certain 
oxides  of  the  metals. 

Several  acids  closely  allied  to  tannic  acid  have  been  found  in  coifee 
and  Paraguay  tea. 

Gallic  acid  —Gallic  acid  is  not  nearly  so  abundant  as  tannic 

*  This  formula  is  scarcely  established  beyond  a  doubt.  M.  Streckor,  who 
has  observed  the  formation  of  sugar  from  tannic  acid,  represents  this  substance 
by  the  formula  C40H18O26,  and  Its  change  under  the  influence  of  acids  by  the 
equ.ition  „  „  rv 

2C4oHisOa6  +  8HO      =      8(C7HO„2HO)_     +  CitHi^ 

Tannic  acid.  Gallic  acid.  Grape-sugar. 
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acid;  it  is  produced  by  an  alteration  of  the  latter.  A  solution  of 
tannic  acid  in  water  exposed  to  the  air,  gradually  absorbs  oxygen,  and 
deposits  crystals  of  gallic  acid,  formed  by  the  destruction  of  the  tannic 
acid.  The  simplest  method  of  preparing  this  acid  in  quantity  is  to 
take  powdered  nut-galls,  which,  when  fresh  and  of  good  quality,  con- 
tain 30  or  40  per  cent,  of  tannic  acid,  with  scarcely  moi-e  than  a  ti-ace 
of  gallic,  to  mis  this  powder  with  water  to  a  thin  paste,  and  to  expose 
the  mixture  to  the  air  in  a  warm  situation  for  the  space  of  two  or 
three  months,  adding  water  from  time  to  time  to  replace  that  lost  by 
drying  up.  The  mouldy,  dark-coloured  mass  produced  may  then  be 
strongly  pressed  in  a  cloth,  and  the  solid  portion  boiled  in  a  consider- 
able quantity  of  water.  The  filtered  solution  deposits  on  cooling 
abundance  of  gallic  acid,  which  may  be  drained  and  pressed,  and 
finally  purified  by  re-ciystallization.  It  forms  small,  feathery,  and 
nearly  colourless  crystals,  which  have  a  beautiful  silky  lustre ;  it 
requires  for  solution  100  parts  of  cold  and  only  3  parts  of  boiling 
water;  the  solution  has  an  acid  and  astringent  taste,  and  is  gradually 
decomposed  by  keeping.  Gallic  acid  does  not  precipitate  gelatin ; 
with  salts  of  protoxide  of  iron  no  change  is  produced,  but  with  those 
of  tlie  sesquioxide  a  deep  bluish-black  precipitate  falls,  which  disap- 
pears when  the  liquid  is  heated,  from  the  reduction  of  the  sesquioxide 
to  the  protoxide  at  the  expense  of  the  gallic  acid. 

The  salts  of  gallic  acid  present  but  little  interest;  those  of  the 
alkalis  are  soluble,  and  readily  destroyed  by  oxidation  in  presence 
of  excess  of  base,  the  solution  acquiring  after  some  time  a  nearlv 
black  colour;  the  gallates  of  most  of  the  other  metallic  oxides  are  in- 
soluble. 

Gallic  acid,  dried  at  212°  (100°C),  contains  0,1103,2110 ;  the 
crystals  contain  an  additional  equivalent  of  water. 

The  insoluble  residue  of  woody  fibre  and  other  matters  from  which 
the  gallic  acid  has  been  withdrawn  by  boiling  water,  contains  a  small 
quantity  of  another  acid  substance,  which  may  be  extracted  by  an 
alkali,  and  afterwards  precipitated  by  an  addition  of  hydrochloric  acid, 
as  a  greyish  insoluble  powder.  It  contains  C^HjO^,  when  dried  at 
248°  (120°C),  or  gallic  acid  minus  1  eq.  of  water.  The  tei-m  ellagic 
acid  is  given  to  this  substance.  M.  Pelouze  once  observed  its  con- 
version into  ordinary  gallic  acid. 

The  conversion  of  tannic  into  gallic  acid  by  oxidation  is  accompa- 
nied by  a  disengagement  of  carbonic  acid,  the  volume  of  which  equals 
that  of  the  oxygen  absorbed  ;  the  oxidizing  action  must  therefore  be 
confined  to  the  carbon,  and  may  perhaps  be  thus  represented  :  


1  eq.  tannic  acid  C,gHjOi2 
8  eq.  oxygen  Oj 


(2  eq.  gallic  acid  Ci.HgO,^ 
2  eq.  water  Hfi  ^ 

(4  eq.  carbonic  acid  C  ^    0  g 


C,3H,0, 
2  L 
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Much  of  the  gallic  acid  is  subsequently  destroyed,  in  all  probability 
only  a  part  of  tliat  first  produced  escaping. 

The  changes  which  gallic  acid  suffers  when  exposed  to  heat  are  very 
interesting.  Heated  in  a  retort  by  means  of  an  oil-bath,  the  tempera- 
ture of  which  is  steadily  maintained  at  420°  (215°C),  or  thereabouts, 
it  is  resolved  into  carbonic  acid,  and  a  new  acid  which  sublimes  into 
the  neck  of  the  retort  in  brilliant,  crystalline  plates,  of  the  most  per- 
fect whiteness ;  an  insignificant  residue  of  black  matter  remains 
behind.  The  term  pyrogallio  acid  is  given  to  the  volatile  product. 
It  dissolves  with  facility  in  water,  but  the  solution  cannot  be  evapo- 
rated without  blackening  and  decomposition ;  it  communicates  a  black- 
ish-blue colour  to  salts  of  the  protoxide  of  iron,  and  reduces  those  of 
the  sesquioxide  to  the  state  of  protoxide.  An  alkaline  solution  of  this 
acid  absorbs  a  very  considerable  quantity  of  oxygen,  and  has  lately 
been  employed  with  great  advantage  by  Professor  Liebig  for  the 
purpose  of  detennining  the  amount  of  oxygen  in  atmospheric  air. 
(See  page  126.)  The  acid  characters  of  this  substance  are  veiy  in- 
distinct.   Pyrogallic  acid  contains  CgHjO^. 

When  dry  gallic  acid  is  suddenly  heated  to  480°  (249°C),  or  above, 
it  is  decomposed  into  carbonic  acid,  water,  and  a  second  new  acid, 
the  metagallic,  which  remains  in  the  retort  as  a  black,  shining  mass, 
resembling  charcoal ;  a  few  crystals  of  pyrogallic  acid  are  formed  at 
the  same  time.  Metagallic  acid  is  insoluble  in  water,  but  dissolves  in 
alkalis,  and  is  again  precipitated  as  a  black  powder  by  the  addition 
of  an  acid.  It  combines  with  the  oxides  of  lead  and  silver,  and  is 
composed  of  CgH^Oj.  Pyrogallic  acid,  also,  exposed  to  the  requisite 
temperatui-e,  yields  metagallic  acid,  with  separation  of  water. 

Tannic  acid,  under  similar  circumstances,  furnishes  the  same  pro- 
ducts as  gallic  acid.  Dr.  Stenhouse  has  shown  that  pyrogallic  acid 
may  be  procured  in  considerable  quantity  by  careftiUy  heating  thi- 
dried  aqueous  extract  of  gall-nuts  in  Dr.  Mohr's  subliming  apparatus, 
already  described.    All  these  changes  admit  of  simple  explanation, 

^c£iA^    =    ^2^£i^      +  CO, 

Dry  gallic  acid.       Pyrogallic  acid. 

CgHjOg  =       CgHjOo  -i-  HO 

Pyrogallic  acid.      Metagallic  acid. 

3(C,aH  03,3H0)  =      6(C,H03,2HO)  +  2C6H3O3 

Tannic  acid.  Gallic  acid.       Pyrogallic  acid. 

These  phenomena  present  admirable  illustrations  of  the  production 
of  pyrogen-acids  by  the  agency  of  heat. 
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SECTION  IV. 

AZOTIZED  ORGANIC  PRINCIPLES  OF  SIMPLE  CONSTITUTION. 


CYANOGEN,  ITS  COMPOUNDS  AND  DERIVATIVES. 

Cyanogen*  forms  the  most  pei-fect  type  of  a  quasi-simple  salt- 
radical  that  chemistiy  presents,  as  kakodyl  does  of  the  basyle  class  ;  it 
is  interesting  also  from  being  the  first -discovered  body  of  the  kind. 

Cyanogen  may  be  prepared  with  the  utmost  ease  by  heating  in  a 
small  retort  of  hard  glass  the  salt  called  cyanide  of  mercury,  pre- 
viously reduced  to  powder,  and  well  dried.  The  cyanide  undergoes 
decomposition,  like  the  oxide  under  similar  circumstances,  yielding 
metallic  mercury,  a  small  quantity  of  a  brown  substance  of  which 
mention  will  again  be  made,  and  cyanogen  itself,  a  colourless,  pemia- 
nent  gas,  which  must  be  collected  over  mercury.  It  has  a  {)ungent 
and  very  peculiar  odour,  remotely  resembling  that  of  peach-kernels,  or 
hydi'ocyanic  acid  ^  exposed  while  at  the  temperature  of  45"-~  (7°*2C) 
to  a  pressure  of  3*6  atmospheres,  it  condenses  to  a  thin,  colourless, 
transparent  liquid.  Cyanogen  is  inflammable ;  it  burns  with  a  beau- 
tiful purple,  or  peach-blossom-coloured  flame,  generating  carbonic 
acid  and  liberating  nitrogen.  The  specific  gravity  of  this  gas  is 
1"806  ;  it  is  composed  of  carbon  and  nitrogen  in  the  proportion  of 
2  equivalents  of  the  former  to  1  equivalent  of  the  latter,  or  CjN : 
this  is  easily  proved  by  mixing  it  with  twice  its  measure  of  pure 
oxygen,  and  firing  the  mixture  in  the  eudiometer;  carbonic  acid  is 
formed  equal  in  volume  to  the  oxygen  employed,  and  a  volume  of 
nitrogen  equal  to  that  of  the  cyanogen  is  set  free.  Cyanogen,  in 
its  capacity  of  quasi-element,  is  designated  by  the  symbol  Cy.  Water 
dissolves  4  or  5  times  its  volume  of  cyanogen-gas,  and  alcohol  a  much 
larger  quantity ;  the  solution  rapidly  decomposes,  yielding  oxalate  of 
ammonia,  C2N+4H0  =  NH40,C203,  brown  insoluble  matter,  and 
other  products. 

Paracyanogen. — This  is  the  brown  or  blackish  substance  above 
referred  to,  which  is  always  formed  in  small  quantity  when  cyanoo-en 
is  prepared  by  heating  the  cyanide  of  mercury,  and  probably,  also,°by 
the  decomposition  of  solutions  of  cyanogen  and  of  hydrocyanic  acid. 
It  is  insoluble  in  water  and  alcohol,  is  dissipated  by  a  very  high  tem- 

*  So  called  from  kvo-vk,  blue,  and  yevvdu,  I  generate. 
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perature,  and  contains,  according  to  Professor  Johnston,  carbon  and 
nitrogen  in  the  same  proportions  as  in  cyanogen. 

Cyanide  of  hydrogen  ;  hydrocyanic  or  prussic  Aao,  HCy. 
— This  very  important  compound,  so  remarkable  for  its  poisonous  pro- 
perties, was  discovered  as  early  as  1782  by  Scheele.  It  may  be  pre- 
pared in  a  state  of  purity,  and  anhydrous,  by  the  following  process  : — 
A  long  glass  tube,  filled  with  dry  cyanide  of  mercury,  is  connected  by 
one  extremity  with  an  an-angement  for  furnishing  dry  sulphuretted 
hydrogen  gas,  while  a  narrow  tube  attached  to  the  other  end  is  made 
to  pass  into  a  narrow-necked  phial  plunged  into  a  freezing-mixture. 
Gentle  heat  is  applied  to  the  tube,  the  contents  of  which  suffer  de- 
composition in  contact  with  the  gas,  sulphide  of  mercury  and  cyanide 
of  hydrogen  being  produced ;  the  latter  is  condensed  in  the  receiver 
to  the  liquid  form.  A  little  of  the  cyanide  of  mercury  should  be 
left  undecomposed,  to  avoid  contamination  of  the  product  by  sul- 
phuretted hydrogen.  The  pure  acid  is  a  thin,  colourless,  and  exceed- 
ingly volatile  liquid,  which  has  a  density  of  0-7058  at  45°  (7°'6C), 
boils  at  79°  (26°-lC),  and  solidifies,  when  cooled  to  0°  (-17°-8C); 
its  odour  is  very  powerful  and  most  cliaracteristic,  much  resembling 
that  of  peach-blossoms  or  bitter-almond  oil;  it  has  a  very  feeble  acid 
reaction,  and  mixes  with  water  and  alcohol  in  all  proportions.  In  the 
anhydrous  state  this  substance  constitutes  one  of  the  most  formidable 
poisons  known,  and  even  when  largely  diluted  with  water,  its  effects 
upon  the  animal  system  are  exceedingly  energetic;  it  is  employed, 
however,  in  medicine  in  very  small  doses.  The  inhalation  of  the 
vapour  should  be  carefully  avoided  in  all  experiments  in  which 
hydrocyanic  acid  is  concerned,  as  it  produces  headache,  giddiness, 
and  other  disagreeable  symptoms;  ammonia  and  chlorine  are  the 
best  antidotes. 

The  acid  in  its  pure  form  can  seldom  be  preserved :  even  when 
enclosed  in  a  carefully-stopped  bottle  it  is  obsei-ved  after  a  very  short 
time  to  darken,  and  eventually  to  deiwsit  a  black  substance  containing 
carbon,  nitrogen,  and  perhaps  hydrogen ;  ammonia  is  formed  at  the 
same  time,  and  many  other  products.  Light  favours  this  decomposi- 
tion. Even  in  a  dilute  condition  it  is  apt  to  decompose,  becoming 
brown  and  turbid,  but  not  always  with  the  same  facility,  some  samples 
resisting  change  for  a  great  length  of  time,  and  then  suddenly  soli- 
difying to  a  brovra,  pasty  mass  in  a  few  weeks. 

When  hydrocyanic  acid  is  mixed  with  concentrated  mineral  acids, 
the  hydrochloric  for  example,  the  whole  solidifies  to  a  crystalline  paste 
of  sal-ammoniac  and  hydrated  formic  acid ;  a  reaction  which  is  ex- 
plained in  a  very  simple  manner,  1  eq.  of  hydrocyanic  acid  and  4  eq. 
watei-,  yielding  1  eq.  of  ammonia  and  1  eq.  of  formic  acid. 

C2N,H -I- 4H0  =  NH3 -f  CjHOj.HO. 

On  the  other  hand,  when  dry  formate  of  ammonia  is  heated  to  392° 
(200°C),  it  isakuost  entirely  converted  into  hydrocyanic  acid  and  water. 
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NH^O.C^HOg  =  C^N.H  +  4H0. 

Aqueous  solution  of  hydrocyanic  acid  may  be  made  by  various  means. 
The  most  economical,  and  by  far  the  best,  where  considerable  quanti- 
ties are  wanted,  is  to  decompose  at  a  boiling-heat  the  yellow  ferrocy- 
anide  of  potassium  by  diluted  sulphuric  acid.  For  example,  500  grains 
of  the  powdered  ferrocyanide  may  be  dissolved  in  four  or  five  ounces 
of  warm  water,  and  introduced  into  a  capacious  flask  or  globe  capable 
of  being  connected  by  a  perforated  cork  and  wide  bent  tube  with  a 
Liebig's  condenser  well  supplied  with  cold  water;  300  grains  of  oil 
of  vitriol  are  diluted  with  thi-ee  or  four  times  as  much  water  and 
added  to  the  contents  of  the  flask ;  distillation  is  carried  on  until 
about  one-half  of  the  liquid  has  distilled  over,  after  which  the  process 
may  be  inteiTupted.  The  theory  of  this  process  has  been  carefully 
studied  by  Mr.  Everitt  ;*  it  is  sufficiently  complicated. 


2  eq.  ferro- 


f6  eq. 
6  eq. 
3  eq. 


carbon 
carbon , 
nitrogen 


cyanide  of-^3  eq.  nitrogen 
potassium 


1  eq.  potassium 
3  eq.  potassium 
iron 
f3  eq.  hydrogen 
(3  eq.  oxygen 
6  eq.  sulphuric  acid  


3  eq.  water 


Insoluble  yellow 
salt. 


3  eq.  hydrocya- 
nic acid. 
3  eq.  bisulphate 
of  potassa. 

The  substance  described  in  the  above  diagram  as  insoluble  yellow 
salt  remains  in  the  flask  after  the  reaction,  together  with  the  bisul- 
phate of  potassa ;  it  contains  the  elements  of  2  eq.  cyanide  of  iron, 
and  1  eq.  cyanide  of  potassium,  but  its  constitution  is  unknown.  On 
exposure  to  the  air,  it  rapidly  becomes  blue. 

When  hydrocyanic  acid  is  wanted  for  pui-poses  of  pharmacy,  it  is 
best  to  prepare  a  strong  solution  in  the  manner  above  described,  and 
then,  having  ascertained  its  exact  strength,  to  dilute  it  with  'pure 
water  to  the  standard  of  the  Pharmacopceia,  viz.,  2  per  cent,  of  real 
acid.    This  examination  is  best  made  by  precipitating  with  excess  of 
nitrate  of  silver  a  known  weight  of  the  acid  to  be  tried,  collecting 
the  insoluble  cyanide  of  silver  upon  a  small  filter  previously  weio-hed 
wasliing,  drying,  and  lastly  re-weighing  the  whole.    From  the  weight 
of  the  cyanide  that  of  the  hydrocyanic  acid  can  be  easily  calculated 
an  equivalent  of  the  one  corresponding  to  an  equivalent  of  the  other  • 
or  the  weight  of  the  cyanide  of  silver  may  be  divided  by  5  which 
will  give  a  close  approximation  to  the  truth.  ' 


Phil.  Magazme,  Feb.  1835. 
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Another  very  elegant  method  for  determining  the  amount  of  hydi-o- 
cyanic  acid  in  a  liquid  has  been  lately  suggested  by  Prof.  Liebig. 
It  is  based  upon  the  property  possessed  by  cyanide  of  potassium  of 
dissolving  a  quantity  of  chloride  of  silver  sufficient  to  produce  with  it  a 
double  cyanide  containing  equal  equivalents  of  cyanide  of  silver  and 
of  potassium  (KCy,AgCy).  Hence  a  solution  of  hydrocyanic  acid, 
which  is  super-saturated  with  potassa,  and  mixed  with  a  few  drops  of 
solution  of  common  salt,  will  not  yield  a  permanent  precipitate  with 
nitrate  of  silver  before  the  whole  of  the  hydrocyanic  acid  is  con- 
verted into  the  above  double  salt.  If  we  know  the  amount  of  silver 
in  a  given  volume  of  the  nitrate-solution,  it  is  easy  to  calculate  the 
quantity  of  hydrocyanic  acid,  for  this  quantity  will  stand  to  the 
amount  of  silver  in  the  nitrate  consumed,  as  2  eq.  of  hydrocyanic 
acid  to  1  eq.  of  silver,  i.  e. 

108  :  54  =  silver  consumed  :  x. 

It  is  a  common  remark,  that  the  hydrocyanic  acid  made  from  fer- 
rocyanide  of  potassium  keeps  better  than  that  made  by  other  means. 
The  cause  of  this  is  ascribed  to  the  presence  of  a  trace  of  mineral  acid. 
Mr.  Everitt  actually  found  that  a  few  drops  of  hydrochloric  acid, 
added  to  a  large  bulk  of  the  pure  dilute  acid,  preserved  it  from  de- 
composition, while  another  portion,  not  so  treated,  became  completely 
spoiled. 

A  very  convenient  process  for  the  extemporaneous  preparation  of 
an  acid  of  definite  strength,  is  to  decompose  a  known  quantity  of 
cyanide  of  potassium  by  solution  of  tartai'ic  acid :  100  grains  of  crys- 
tallized tartaric  acid  in  powder,  44  grains  of  cyanide  of  potassium, 
and  2  measured  ounces  of  distilled  water,  shaken  up  in  a  phial  for  a 
few  seconds,  and  then  left  at  rest,  in  order  that  the  precipitate  may 
subside,  will  yield  an  acid  of  very  nearly  the  required  strength.  A 
little  alcohol  may  be  added  to  complete  the  separation  of  the  cream 
of  tartar  ;  no  filtration  or  other  treatment  need  be  employed. 

The  production  of  hydrocyanic  acid  from  bitter  almonds  has  been 
already  mentioned  in  connection  with  the  history  of  the  volatile  oil. 
Bitter-almonds,  the  kernels  of  plums  and  peaches,  the  seeds  of  the 
apple,  the  leaves  of  the  cheiTy-laurel,  and  various  other  parts  of 
plants  belonging  to  the  great  natural  order  rosacea;,  yield  on  distilla- 
tion with  water  a  sweet-smelling  liquid,  containing  hydi'ocyanic  acid. 
This  is  probably  due  in  all  cases  to  the  decomposition  of  the  amyg- 
dalin,  pre-existent  in  the  organic  structure.  The  change  in  question 
is  brought  about,  in  a  very  singular  manner,  by  the  presence  of  a 
soluble  azotized  substance,  called  emulsin  or  synaptase,  which  fonns  a 
large  proportion  of  the  white  pulp  of  both  bitter  and  sweet  almonds. 
This  substance  bears  a  somewhat  similar  relation  to  amygdalin,  that 
diastase,  which  it  closely  resembles  in  many  particulai's,  does  to 
starch.  Hydrocyanic  acid  exists  ready-formed  to  a  considerable  extent 
in  the  juice  of  the  bitter  cassava. 
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Amtgdalin  is  prepared  with  facility  by  the  following  process  : — 
The  paste  of  bitter-almonds,  from  which  the  fixed  oil  has  been  ex- 
pressed, is  exhausted  with  boiling  alcohol :  this  coagulates  and  ren- 
ders inactive  the  synaptase,  while  at  the  same  time  it  dissolves  out 
the  amygdalin.  The  alcoholic  liquid  is  distilled  in  a  water-bath,  by 
which  much  of  the  spirit  is  recovered,  and  the  syrupy  residue  diluted 
with  water,  mixed  with  a  little  yeast,  and  set  in  a  warm  place  to  fer- 
ment :  a  portion  of  sugar,  present  in  the  almonds,  is  thus  destroyed. 
The  filtered  liquid  is  then  evaporated  to  a  syrupy  state  in  a  water- 
bath,  and  mixed  with  a  quantity  of  alcohol,  which  throws  down  the 
am}^gdalin  as  a  white  crystalline  powder  ;  the  latter  is  collected  on  a 
cloth  filter,  pressed,  re-dissolved  in  boiling  alcohol,  and  left  to  cool.  It 
separates  in  small  crystalline  plates,  of  pearly  whiteness,  which  ai'e 
inodorous  and  nearly  tasteless ;  it  is  decomposed  by  heat,  leaving  a 
bulky  coal,  and  diffusing  the  odour  of  the  hawthorn.  In  water,  both 
hot  and  cold,  amygdalin  is  very  insoluble :  a  hot  saturated  solution 
deposits,  on  cooling,  brilliant  prismatic  crystals,  which  contain  water. 
In  cold  alcohol  it  dissolves  with  great  difficulty.  Heated  with  dilute 
nitric  acid,  or  a  mixtui'e  of  dilute  sulphuric  acid  and  binoxide  of  man- 
ganese, it  is  resolved  into  ammonia,  bitter-almond  oil,  benzoic  acid, 
formic  acid,  and  carbonic  acid  ;  with  pemianganate  of  potassa,  it 
yields  a  mixture  of  cyanate  and  benzoate  of  that  base. 

Amygdalin  is  composed  of  C4oH2^N022. 

Synaptase  itself  has  never  been  obtained  in  a  state  of  purit}^,  or  fit 
for  analysis  ;  it  is  described  as  a  yellowish-white,  opaque,  brittle  mass, 
very  soluble  in  water,  and  coagulablc,  like  albumin,  by  heat,  in  which 
case  it  loses  its  specific  property.  In  solution  it  very  soon  becomes 
turbid,  and  putrefies.  The  decomposition  of  amygdalin  under  the 
influence  of  this  body  may  be  elegantly  studied  by  dissolving  a  por- 
tion in  a  large  quantity  of  water,  and  adding  a  little  emulsion  of 
sweet-almond  ;  the  odour  of  the  volatile  oil  immediately  becomes  ap- 
parent, and  the  liquor  yields,  on  distillation,  hydrocyanic  acid.  The 
nature  of  the  decomposition  may  be  thus  approximately  repre- 
sented : — 

C  gH  N 

H3  O3 
C40HJJ.NO22. 

It  may  be  observed,  that  in  preparing  bitter-almond  oil  the  paste 
should  be  well  mixed  with  about  20  parts  of  warm  water,  and  the 
whole  left  to  stand  some  hours  before  distillation ;  the  heat  must  be 
gently  raised,  to  avoid  coagulating  the  synaptase  before  it  has  had 


[I  eq.  hydrocyanic  acid 
1  eq.  amygdalin,  ?      ^tter-almond  oil 

2  eq.  formic  acid 
1,3  eq.  water 
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time  to  act  npon  tiie  amygdalin.  Almond-paste,  thrown  into  boiling 
water,  yields  little  or  no  bitter-almond  oil. 

Amvgdalic  acid.— When  amygddin  is  boiled  with  an  alkali  or 
an  alkaline  earth,  it  is  decomposed  into  ammonia,  and  a  new  acid 
called  the  amtjcjdiUiG,  which  remains  in  union  with  the  base.  This 
is  best  prepared  by  means  of  baryta-water,  the  ebullition  being 
continued  as  long  as  ammonia  is  evolved.  From  the  solu- 
tion thus  obtained,  the  baryta  may  be  precipitated  by  dilute  sul- 
phuric acid  ;  the  filtered  liquid  is  evaporated  in  a  water-bath.  Amyg- 
dalic  acid  forms  a  colourless,  transparent,  amorphous  mass,  very 
soluble  iu  water,  and  deliquescent  in  moist  air ;  the  solution  has  an 
acid  taste  and  reaction.  It  is  converted  by  oxidizing  agents  into 
bitter-almond  oil,  formic,  and  benzoic  acids.  The  amygdaiates  are 
mostly  soluble,  but  have  been  but  little  studied :  the  acid  contains 

C40Hs6Oi4,HO. 

The  presence  of  hydrocyanic  acid  is  detected  with  the  utmost  ease ; 
its  remarkable  odour  and  high  degree  of  volatility  almost  sufficiently 
characterize  it.  With  solution  of  nitrate  of  silver  it  gives  a  dense 
curdy  white  precipitate,  much  resembling  the  chloride,  but  differing 
from  that  substance  in  not  blackening  so  readily  by  light,  in  being 
soluble  in  boiling  nitric  acid,  and  in  suffering  complete  decomposition 
when  heated  in  a  dry  state,  metallic  silver  being  left :  the  chloride, 
under  the  same  circumstances,  merely  fuses,  but  undergoes  no  che- 
mical change.  The  production  of  Prussian  blue  by  "  Scheele's  t«st " 
is  an  excellent  and  most  decisive  experiment,  which  may  be  made 
with  a  very  small  quantity  of  acid.  The  liquid  to  be  examined  is  mixed 
with  a  few  drops  of  solution  of  sulphate  of  protoxide  of  iron  and  an 
excess  of  caustic  potassa,  and  the  whole  exposed  to  the  air  for  10  or 
15  minutes,  with  agit^ation ;  hydi-ochloric  acid  is  then  added  in 
excess,  which  dissolves  the  oxide  of  iron,  and,  if  hydrocyanic  acid 
be  present,  leaves  Prussian  blue  as  an  insoluble  powder.  The  re- 
action becomes  quite  intelligible  when  the  production  of  a  ferro- 
cyanide,  described  a  few  pages  hence,  is  understood.    See  page  531. 

Another  elegant  process  for  detecting  hydrocyanic  acid  is  men- 
tioned in  the  article  upon  hydrosulphocyanic  acid. 

The  most  important  of  the  metallic  cyanides  are  the  following ; 
they  bear  the  most  perfect  analogy  to  the  haloid-salts. 

Cyan.'de  of  potassium,  KCy. — When  potassium  is  heated  in 
cyanogen  gas,  it  takes  fire  and  bums  in  a  very  beautiful  manner, 
yielding  cyanide  of  the  metal ;  the  same  substance  is  produced  when 
potassium  is  heated  in  the  vapour  of  hydrocyanic  acid,  hydrogen  being 
liberated.  If  pure  nitrogen  gas  be  transmitted  through  a  white-hot 
tube,  containing  a  mixture  of  carbonate  of  potassa  and  charcoal,  a  con- 
siderable quantity  of  cyanide  of  potassium  is  formed,  which  settles  in 
the  cooler  portions  of  the  tube  as  a  white  amorphous  powder ;  cai-bonic 
oxide  is  at  the  same  time  evolved.  If  azotized  organic  matter  of 
any  kind,  capable  of  fm-nishing  ammonia  by  destructive  distillation,  as 
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hoiTi-shavings,  parings  of  hides,  &c.,  be  heated  to  redness  with  car- 
bonate of  potassa  iu  a  close  vessel,  a  very  abundant  production  of  cy- 
anide of  potassium  results,  which  cannot,  however,  be  advantageously 
extracted  by  direct  means,  but  in  practice  is  always  converted  into 
ferrocyanide,  which  is  a  much  more  stable  substance,  and  ciystallizes 
better. 

There  are  several  methods  by  which  cyanide  of  potassium  may  be 
prepared  for  use.  It  may  be  made  by  passing  the  vapour  of  hydi'ocy- 
anic  acid  into  a  cold  alcoholic  solution  of  potassa  ;  the  salt  is  deposited 
in  a  crystalline  form,  and  may  be  separated  from  the  liquid,  pressed 
and  dried.  Ferrocyanide  of  potassium,  heated  to  whiteness  in  a 
nearly  close  vessel,  evolves  nitrogen  and  other  gases,  and  leaves  a  mix- 
ture of  charcoal,  carbide  of  iron,  and  cyanide  of  potassium,  which 
latter  salt  is  not  decomposed  unless  the  temperatui-e  be  excessively 
high.  Mr.  Donovan  recommends  the  use  in  this  process  of  a  wrought- 
iron  mercury-bottle,  which  is  to  be  half  filled  with  the  ferrocyanide, 
and  arranged  in  a  good  air-furnace,  capable  of  giving  the  requisite  de- 
gree of  heat ;  a  bent  iron  tube  is  fitted  to  the  mouth  of  the  bottle  and 
made  to  dip  half  an  inch  into  a  vessel  of  water  ;  this  serves  to  give 
exit  to  the  gas.  The  bottle  is  gently  heated  at  first,  but  the  tempera- 
ture ultimately  raised  to  whiteness;  when  no  more  gas  issues,  the 
tube  is  stopped  with  a  cork,  and,  when  the  whole  is  completely  cold, 
the  bottle  is  cut  asunder  in  the  middle  by  means  of  a  chisel  and  sledge- 
hammer, and  the  pure  white  fused  salt  carefully  separated  from  the 
black  spongy  mass  below,  and  preserved  in  a  well-stopped  bottle  :  the 
black  substance  contains  much  cyanide,  which  may  be  extracted  by  a 
little  cold  water.  It  would  be  better,  perhaps,  in  the  foregoing  pro- 
cess to  deprive  the  ferrocyanide  of  potassium  of  its  water  of  crystalU- 
zation  before  introducing  it  into  the  iron  vessel. 

Professor  Liebig  has  published  a  very  easy  and  excellent  pro- 
cess for  making  cyanide  of  potassium,  which  does  not,  however, 
yield  it  pure,  but  mixed  with  cyanate  of  potassa.  For  most  of  the  ap- 
plications of  cyanide  of  potassium,  as,  for  example,  electro-plating  and 
gilding,  for  which  a  considerable  quantity  is  now  required,  this  impu- 
rity is  of  no  consequence.  8  parts  of  ferrocyanide  of  potassium 
are  rendered  anhydrous  by  gentle  heat,  and  intimately  mixed  with  3 
parts  of  dry  carbonate  of  potassa  :  this  mixture  is  thrown  into  a  red- 
hot  earthen  crucible,  and  kept  in  fusion,  with  occasional  stirrincr,  until 
gas  ceases  to  be  evolved,  and  the  fluid  portion  of  the  mass  becomes 
colourless.  The  crucible  is  left  at  rest  for  a  moment,  and  then  the 
clear  salt  decanted  from  the  heavy  black  sediment  at  the  bottom 
which  is  principally  metallic  iron  in  a  state  of  minute  division.  In 
this  experiment,  2  eq.  of  ferrocyanide  of  potassium  and  2  eq.  carbonate 
of  potassa  yield  5  eq.  cyanide  of  potassium,  1  eq.  cyanate  of  potassa, 
2  eq.  iron,  and  2  eq.  carbonic  acid.  The  product  may  be  advantageously 
used,  insteatl  of  ferrocyauide  of  potassium,  in  the  preparation  of 
hydrated  hydrocyanic  acid,  by  distillation  with  diluted  oil  of  vitriol. 
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Cyanide  of  potessium  forms  colourless  cubic  or  octahedral  crystals, 
deliquescent  in  the  air,  and  exceedingly  soluble  in  water ;  it  dissolves 
in  boiling  alcohol,  but  separates  in  great  measure  on  cooling.  It  is 
readily  fusible,  and  undergoes  no  change  at  a  moderate  red,  or  even 
white-heat,  when  excluded  from  air;  otherwise,  oxygen  is  absorbed 
and  the  cyanide  of  potassium  becomes  cyanate  of  potassa.  Its  solution 
always  has  an  alkaline  reaction,  and  exhales  when  exposed  to  the 
air  the  smell  of  hydrocyanic  acid  ;  it  is  decomposed  by  the  feeblest 
acids,  even  the  carbonic  acid  of  the  atmosphere,  and  when  boiled  in  a 
retort  is  slowly  converted  into  formate  of  potassa  with  separation  of 
ammonia.  This  salt  is  anhydrous :  it  is  said  to  be  as  poisonous  as 
hydrocyanic  acid  itself. 

Cyanide  of  potassium  has  been  derived  from  a  curious  and  unex- 
pected source.  In  some  of  the  ii'on  furnaces  in  Scotland,  where  raw- 
coal  is  used  for  fuel  with  the  hot  blast,  a  saline-looking  substance  is  oc- 
casionally observed  to  issue  in  a  fused  state  from  the  tuyere-holes  of 
the  furnace,  and  concrete  on  the  outside.  This  proved,  on  examina- 
tion by  Dr.  Clark,  to  be  principally  cyanide  of  potassium. 

CvANiDE  OF  SODIUM,  NaCy,  is  a  very  soluble  salt,  corresponding 
closely  with  the  foregoing,  and  obtained  by  similar  means. 

Cyanide  op  ammonium,  NH4Cy. — This  is  a  colourless,  crystal- 
lizable,  and  very  volatile  substance,  prepared  by  distilling  a  mixture  of 
cyanide  of  potassium  and  sal-ammoniac,  or  by  mingling  the  vapour  of 
anhydrous  hydrocyanic  acid  with  ammoniacal  gas,  or,  lastly,  according 
to  the  observation  of  M.  Langlois,  by  passing  ammonia  over  red-hot 
charcoal.  It  is  very  soluble  in  water,  subject  to  spontaneous  decom- 
position, and  is  highly  poisonous. 

Cyanide  of  mercury,  HgCy. — One  of  the  most  remarkable  fea- 
tures in  the  history  of  cyanogen  is  its  powerful  attraction  for  cer- 
tain of  the  less  oxidable  metals,  as  silver,  and  more  particularly 
mercury  and  palladium.  Dilute  hydrocyanic  acid  dissolves  finely- 
powdered  red  oxide  of  mercury  with 'the  utmost  ease  ;  the  liquid  loses 
all  odour,  and  yields  on  evaporation  crystals  of  cyanide  of  mercury. 
Cyanide  of  potassium  is  in  like  manner  decomposed  by  red  oxide  of 
mercury,  hydrate  of  potassa  being  produced.  Cyanide  of  mercury  is 
generally  prepared  from  common  ferrocyanide  of  potassium ;  2  parts  of 
the  salt  are  dissolved  in  15  parts  of  hot  water,  and  3  parts  of  dry 
sulphate  of  mercury  added;  the  whole  is  boiled  for  15  minutes,  and 
filtered  hot  from  the  oxide  of  iron,  which  separates.  The  solution,  on 
cooling,  deposits  the  new  salt  in  crystals.  Cyanide  of  mercury  fonns 
white,  translucent  prisms,  much  resembling  those  of  corrosive  sub- 
limate ;  it  is  soluble  in  8  parts  of  cold  water,  and  in  a  much  smaller 
quantity  at  a  liigher  temperature,  and  also  in  alcohol.  The  solution  has 
a  disagreeable  metallic  taste,  is  very  poisonous,  and  is  not  precipitated 
by  alkalis.  Cyanide  of  mercury  is  used  in  the  laboratory  as  a  soun^e 
of  cyanogen. 

Cyanide  of  silver,  AgCy,  has  been  already  described.  Cyanide 
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of  zinc,  ZnCy,  is  a  white  insoluble  powder,  prepared  by  mixing  acetate 
of  zinc  with  hydrocyanic  acid.  Cyanide  of  cobalt,  CoCy,  is  obtained  by 
similar  means  ;  it  is  dirty  white,  and  insoluble.  Cyanide  of  palladium 
forms  a  pale,  whitish  precipitate  when  the  chloride  of  that  metal  is 
mixed  with  a  soluble  cyanide,  including  that  of  mercury.  Tercyanide 
of  gold,  AuCyg,  is  yellowish-wliite  and  insoluble,  but  freely  dissolved 
by  solution  of  cyanide  of  potassium.  Protocyanide  of  iron  has  not 
been  obtained,  from  the  tendency  of  the  metal  to  pass  into  the  radical, 
and  generate  a  ferrocyanide.  An  insoluble  green  compound  contain- 
ing FeCy,B\Cy3  was  formed  by  M.  Pelouze  by  passing  chlorine  gas 
into  a  boiling  solution  of  ferrocyanide  of  potassium. 

Cyanic  and  cyanuric  acids. — These  are  two  remarkable  isomeric 
bodies  related  in  a  very  close  and  intimate  manner,  and  presenting 
phenomena  of  great  interest.  Cyanic  acid  is  the  true  oxide  of  cyano- 
gen :  it  is  formed  in  conjunction  with  cyanide  of  potassium,  when 
cyanogen  gas  is  transmitted  over  heated  hydrate  or  carbonate  of  po- 
tassa,  or  passed  into  a  solution  of  the  allialine  base,  the  reaction  resem- 
bling that  by  which  chlorate  of  potassa  and  chloride  of  potassium  are 
generated  when  the  oxide  and  the  salt-radical  are  presented  to  each 
other.  Cyanate  of  potassa  is,  moreover,  fonned  when  the  cyanide  is 
exposed  to  a  high  temperature  with  access  of  air ;  unlike  the  chlorate, 
it  bears  a  full  red-heat  without  decomposition. 

Eydrated  Cyanic  Acid,  CyO,HO,  is  procured  by  heating  to  dull 
redness  in  a  hard  glass  retort  connected  with  a  receiver  cooled  by  ice, 
cyanuric  acid,  deprived  of  its  water  of  crystallization.  The  cyanuric 
acid  is  resolved,  without  any  other  product,  into  hydrated  cyanic  acid, 
which  condenses  in  the  receiver  to  a  limpid,  colourless  liquid,  of  ex- 
ceedingly pungent  and  penetrating  odour,  like  that  of  the  strongest 
acetic  acid ;  it  even  blisters  the  skin.  When  mixed  with  water, 
it  decomposes  almost  immediately,  giving  rise  to  bicarbonate  of 
ammonia. 

C2N0,H0  +  2H0  =  C^O^  -I-  NH3. 

This  is  the  reason  why  the  hydrated  acid  cannot  be  separated 
from  a  cyanate  by  a  stronger  acid.  A  trace  of  cyanic  acid,  however, 
always  escapes  decomposition,  and  communicates  to  the  carbonic 
acid  evolved  a  pungent  smell  similar  to  that  of  sulphurous  acid. 
The  cyanates  may  be  easily  distinguished  by  this  smell,  and  by  the 
simultaneous  formation  of  an  ammonia-salt,  which  remains  behind. 

The  pure  hydrated  cyanic  acid  cannot  be  preserved :  shortly  after  its 
preparation  it  changes  spontaneously,  with  sudden  elevation  of  tem- 
perature into  a  solid,  white,  opaque,  amorphous  substance,  called 
cyamelide.  This  curious  body  has  the  same  composition  as  hydrated 
cyanic  acid  ;  it  is  insoluble  in  water,  alcohol,  ether,  and  dilute  acids  ; 
it  dissolves  in  strong  oil  of  vitriol  by  the  aid  of  heat,  with  evolution 
of  carbonic  acid  and  production  of  ammonia ;  boiled  with  solution  of 
caustic  alkali,  it  dissolves,  ammonia  is  disengaged,  and  a  mixture  of 
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cyanate  and  cyanurate  of  the  base  generated.  By  dry  distillation  it 
is  again  converted  into  the  hydrate  of  cyanic  acid. 

Cyanate  of  potassa,  KO.CyO. — The  best  method  of  preparing 
this  salt  is,  according  to  Liebig,  to  oxidize  cyanide  of  potassium  by 
means  of  litharge.  The  cyanide,  abeady  containing  a  portion  of  cyanate, 
described,  p.  521,  is  remelted  in  an  earthen  ci-ucible,  and  finely-pow- 
dered protoxide  of  lead  added  by  small  portions  ;  the  oxide  is  instan- 
taneously reduced,  and  the  metal,  at  first  in  a  state  of  minute  division, 
ultimately  collects  to  a  fused  globule  at  the  bottom  of  the  crucible. 
The  salt  is  poured  out,  and,  when  cold,  powdered  and  boiled  with 
alcohol ;  the  hot  filtered  solution  deposits  crystals  of  cyanate  of  potassa 
on  cooling.  The  great  deoxidizing  power  exerted  by  cyanide  of  po- 
tassium at  a  high  temperature  promises  to  render  it  a  valuable  agent 
in  many  of  the  finer  metallurgic  operations. 

Another  method  of  preparing  the  cyanate  is  to  mix  dried  and  finely- 
powdered  ferrocyanide  of  potassium  with  half  its  weight  of  equally 
dry  binoxide  of  manganese ;  to  heat  this  mixture  in  a  shallow  iron 
ladle  with  free  exposure  to  air  and  frequent  stirring  until  the  tinder- 
like  combustion  is  at  an  end,  and  to  boil  the  residue  in  alcohol,  which 
extracts  the  cyanate  of  potassa. 

This  salt  crystallizes  from  alcohol  in  thin,  colourless,  transparent 
plates,  which  suffer  no  change  in  dry  air,  but  on  exposure  to  moisture 
become  gradually  converted,  without  much  alteration  of  appearance, 
into  bicarbonate  of  potassa,  ammonia  being  at  the  same  time  disen- 
gaged. Water  dissolves  the  cyanate  of  potassa  in  large  quantity  ;  the 
solution  is  slowly  decomposed  in  the  cold,  and  rapidly  at  a  boiling 
heat,  into  bicarbonate  of  potassa  and  ammonia.  When  a  concentrated 
solution  is  mixed  with  a  small  quantity  of  dilute  mineral  acid,  a  pre- 
cipitate falls,  which  consists  of  acid  cyanurate  of  potassa.  Cyanate 
of  potassa  is  reduced  to  cyanide  of  potassium  by  ignition  with  charcoal 
in  a  covered  ci'ucible. 

Cyanate  of  potassa,  mixed  with  solutions  of  lead  and  silver,  gives 
rise  to  insoluble  cyanates  of  the  oxides  of  those  metals,  which  are 
white. 

Cyanate  of  ammonia;  urea.— When  the  vapour  of  hydrated 
cyanic  acid  is  mixed  with  excess  of  ammoniacal  gas,  a  white,  crystal- 
line, solid  substance  is  produced,  which  has  all  the  characters  of  a  true, 
although  not  neutral,  cyanate  of  ammonia.  It  dissolves  in  water,  and, 
if  mixed  with  an  acid,  evolves  carbonic  acid  gas ;  with  an  alkali,  it 
yields  ammonia.  If  the  solution  be  heated,  or  if  the  crystals  be  merely 
exposed  a  certain  time  to  the  air,  a  portion  of  ammonia  is  dissipated, 
and  the  properties  of  the  compound  completely  changed.  It  may  now 
be  mixed  with  acids  without  the  least  symptoms  of  decomposition, 
while  cold  caustic  alkali,  on  the  other  hand,  fails  to  disengage  the 
smallest  trace  of  ammonia.  The  result  of  this  curious  metamorphosis 
of  the  cyanate  is  a  substance  called  urea,  a  product  of  the  animal  body, 
the  chief  and  chai-acteristic  constituent  of  m-ine.    This  artificial  torma- 
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tion  of  one  of  the  products  of  organic  life  cannot  fail  to  possess  great 
interest.  Its  discovery  is  due  to  Prof.  Wobler.  The  properties  of 
urea,  and  the  most  advantageous  methods  of  preparing  it,  will  be 
found  described  a  few  pages  hence. 

CrANDRic  ACID.— The  substance  called  melam,  of  which  farther 
mention  will  be  made,  is  dissolved  by  gentle  heat  in  concentrated  sul- 
phuric acid,  the  solution  mixed  with  20  or  30  parts  of  water,  and  the 
whole  maintained  at  a  temperature  approaching  the  boiling-point, 
until  the  specimen  of  the  liquid,  on  being  tried  by  ammonia,  no  longer 
gives  a  white  precipitate  :  several  days  are  required.  The  liquid,  con- 
centrated by  evaporation,  deposits  on  cooling  cyanuric  acid,  which  is 
purified  by  re-crystallization.  Another,  and  perhaps  simpler  method, 
is  to  heat  dry  and  pure  urea  in  a  flask  or  retort :  the  substance  melts, 
boils,  disengages  ammonia  in  large  quantity,  and  at  length  becomes 
converted  into  a  dirty  white,  solid,  amorphous  mass,  which  is  impure 
cyanuric  acid.  This  is  dissolved  by  the  aid  of  heat  in  strong  oil  of 
vitriol,  and  nitric  acid  added  by  little  and  little  until  the  liquid  becomes 
nearly  colourless ;  it  is  then  mixed  with  water,  and  suffered  to  cool, 
whereupon  the  cyanuric  acid  separates.  The  urea  may  likewise  be 
decomposed  very  conveniently  by  gently  heating  it  in  a  tube,  while 
diy  chlorine  gas  passes  over  it.  A  mixture  of  cyanuric  acid  and  sal- 
ammoniac  results,  which  is  separated  by  dissolving  in  water. 

Cyanuric  acid  in  a  pure  state  forms  colourless  crystals,  seldom  of 
lai'ge  size,  derived  from  an  oblique  rhombic  prism,  which  effloresce  in 
a  dry  atmosphere  from  loss  of  water.  It  is  very  little  soluble  in  cold 
water,  and  requires  24  parts  for  solution  at  a  boiling  heal;  it  reddens 
litmus  feebly,  has  no  odour,  and  but  little  taste.  This  acia  is  ti'ibasic; 
the  crystals  contain  C6N303,3H0  +  4H0,  and  are  easily  deprived 
of  the  4  eq.  of  water  of  crystaUization.  In  point  of  stability,  it  offers 
a  most  remarkable  contrast  to  its  isomer,  cyanic  acid  ;  it  dissolves,  as 
above  indicated,  in  hot  oil  of  vitriol,  and  even  in  strong  nitric  acid, 
without  decomposition,  and  in  fact  crystallizes  from  the  latter  in  an 
anhydrous  state,  containing  CgNaOgjSHO.  Long-continued  boiling 
with  tliese  powerful  agents  resolves  it  into  ammonia  and  carbonic 
acid. 

The  connection  between  cyanic  acid,  urea,  and  cyanuric  acid  may 
be  thus  recapitulated: — 

Cyanate  of  ammonia  is  converted  by  heat  into  urea. 
Urea  is  decomposed  by  the  same  means  into  cyanuric  acid  and 
ammonia. 

Cyanuric  acid  is  changed  by  a  very  high  temperature  into  hydrated 
cyanic  acid. 

In  the  latter  reaction,  1  eq.  of  hydrated  cyanuric  acid  splits  into 
S  eq.  hydrated  cyanic  acid. 

CgNaOg,  3H0  =  SCCgNOjHO). 
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CyANATE  AND  CYANURATE  OF  OXIDE  OP  ETHYL.— If  a  dry  mixture 
of  cyanate  of  potassa  and  sulpliovinate  of  potassa  be  distilled,  a  product 
is  obtained  which  consists  of  a  mixture  of  the  above  ethers.  They 
are  separated  without  difficulty,  the  cyanate  boiling  at  140°  '(60°C), 
while  the  boiling-point  of  the  cyan  urate  is  much  higher,  namely' 
528-°-8  (276°C).  Cyanate  of  ethyl  is  a  mobile  liquid,  the  vapour  of 
which  excites  a  flow  of  tears.  The  composition  of  cyanate  of  ethyl  is 
C«H5N02r=C4H50,CgNO  =  AeO,CyO.  The  formation  is  represented 
by  the  equation  KO,CyO+KO,AeO,2S03  =  AeO,CyO-|-2(KO,S03). 
The  cyanurate  of  ethyl  contains  3AeO,CgN303;  it  arises  in  this 
reaction  from  the  coalescence  of  3  eq.  of  cyanate  of  ethyl.  It  may  be 
likewise  obtained  by  distilling  a  mixture  of  sulphovinate  of  potassa 
with  cyanurate  of  potassa.  Cyanurate  of  ethyl  is  a  crystalline  mass, 
slightly  soluble  in  water,  readily  soluble  in  alcohol  and  ether,  fusing 
at  185°  (85°C).  By  substituting  for  sulphovinate  of  potassa,  salts  of 
sulphomethylic  and  sulphamylic  acid,  the  corresponding  methyl-  and 
amyl-compounds  may  be  obtained. 

The  study  of  the  cyanic  and  cyanuric  ethers,  which  were  discovered 
by  Wurtz,  has  led  to  very  important  results,  which  will  be  fully 
described  in  the  section  on  the  Organic  Bases. 

FuLMiNiC  ACID. — This  remarkable  compound,  which  is  isomeric 
both  with  cyanic  and  cyanuric  acids,  originates  in  the  peculiar  action 
exercised  by  nitrous  acid  upon  alcohol  in  presence  of  a  salt  of  silver 
or  mercury.  Neither  absolute  fulminic  acid  nor  its  hydrate  has  ever 
been  obtained. 

Fulminate  of  silver  is  prepared  by  dissolving  40  or  50  grains  of 
silver,  which  need  not  be  pure,  in  f  oz.  by  measui-e  of  nitric  acid  of 
sp.  gr.  1-37  or  thereabouts,  by  the  aid  of  a  little  heat ;  a  sixpence 
answers  the  purpose  veiy  well.  To  the  highly-acid  solution,  while 
still  hot,  2  measured  ounces  of  alcohol  are  added,  and  heat  applied 
until  reaction  commences.  The  nitric  acid  oxidizes  part  of  the  alcohol 
to  aldehyde  and  oxalic  acid,  becoming  itself  reduced  to  nitrous  acid, 
which  in  turn  acts  upon  the  alcohol  in  such  a  manner  as  to  form 
nitrous  ether,  fulminic  acid,  and  water,  1  eq.  nitrous  ether  and  1 
eq.  of  nitrous  acid  containing  the  elements  of  1  eq.  fulminic  acid  and 
5  eq.  water. 

C,H,0,N03-f-  NO3  =  C^N.O,  +  5H0. 

The  fulminate  of  silver  slowly  separates  from  the  hot  liquid  in  the 
form  of  small,  brilliant,  white,  crystalline  plates,  which  may  be 
washed  with  a  little  cold  water,  distributed  upon  sepai'ate  pieces  of 
filter-paper  in  portions  not  exceeding  a  grain  or  two  each,  and  left  to 
dry  in  a  warm  place.  When  diy,  the  papers  ai'e  folded  up  and  pre- 
served in  a  box  or  bottle.  This  is  the  only  safe  method  of  keeping 
tlie  salt.  Fulminate  of  silver  is  soluble  in  36  parts  of  boiling  water, 
but  the  greater  part  crystallizes  out  on  cooling :  it  is  one  of  the  most 
dangerous  substances  to  hahdle  that  chemistry  presents ;  it  explodes 
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when  strono-ly  heated,  or  when  rubbed  or  struck  with  a  hard  body,  or 
when  touched  with  concentrated  sulphuric  acid,  with  a  degree  ot 
violence  almost  indescribable  ;  the  metal  is  reduced,  and  a  large  volume 
of  gaseous  matter  suddenly  liberated.  Strange  to  say,  it  may,  when 
very  cautiously  mixed  with  oxide  of  copper,  be  burned  in  a  tube  \vith 
as  much  facility  as  any  other  organic  substance.^  Its  composition 
thus  determined  is  e.xpressed  in  the  formula  aAgOjC^NgOa. 

The  acid  is  evidently  bibasic ;  when  fulminate  of  silver  is  digested 
with  caustic  potassa,  one-half  of  the  o.xide  is  precipitated,  and  a  com- 
pound produced  containing  AgO,KO,C4N202,  which  resembles  the 
neutral  silver-salt,  and  detonates  by  a  blow.  Corresponding  com- 
pounds containing  soda  and  oxide  of  ammonium  exist ;  but  a  pure 
fulminate  of  an  alkaline  metal  has  never  been  formed.  If  fulminate 
of  silver  be  digested  with  water  and  copper,  or  zinc,  the  silver  is 
entirely  displaced,  and  a  fulminate  of  the  new  metal  produced.  The 
zinc-sa'lt  mixed  with  baryta-water  gives  rise  to  a  precipitate  of  oxide 
of  zinc,  while  fulminate  of  zinc  andbanjta,  ZnO,BaO,C4N202,  remains 
in  solution.  Fulminate  of  mercury  is  prepared  by  a  process  very 
■similar  to  that  by  which  the  silver-salt  is  obtained  :  one  part  of  mer- 
cury is  dissolved  in  12  parts  of  nitric  acid,  and  the  solution  mixed 
with  an  equal  quantity  of  alcohol ;  gentle  heat  is  applied,  and  if  the 
reaction  becomes  too  violent,  it  may  be  moderated  by  the  addition 
from  time  to  time  of  more  spirit :  much  carbonic  acid,  nitrogen,  and 
red  vapours  are  disengaged,  together  with  a  large  quantity  of  nitrous 
ether  and  aldehyde  ;  these  are  sometimes  condensed  and  collected  for 
sale,  but  are  said  to  contain  hydrocyanic  acid.  The  fulminate  of 
mercury  separates  from  the  hot  liquid,  and  after  cooling  may  be  puri- 
fied from  an  admixture  of  reduced  metal  by  solution  in  boiling  water 
and  recrystallization.  It  much  resembles  the  silver-salt  in  appear- 
ance, properties,  and  degree  of  solubility,  and  contains  2Hg20,C4 
NgOa.  It  explodes  violently  by  friction  or  percussion,  but,  unlike 
the  silver-compound,  merely  bmns  with  a  sudden  and  almost  noiseless 
flash  when  kindled  in  the  open  air.  It  is  manufactured  on  a  lai-ge 
scale  for  the  purpose  of  charging  percussion-caps ;  sulphur  and  chlo- 
rate of  potassa,  or  more  frequently  nitre,  are  added,  and  the  powder, 
pressed  into  the  cap,  is  secured  by  a  drop  of  varnish. 

The  relations  of  composition  between  the  three  isomeric  acids  are 
beautifully  seen  by  comparing  their  silver-salts  ;  the  first  acid  is  mo- 
nobasic, the  second  bibasic,  and  the  third  tribasic. 

Cyanate  of  silver    ....     AgO  ,  ON^  0. 

Fulminate  of  silver     .       .       .       2AgO  ,  C^NjOg. 

Cyanurate  of  silver        .       .       .    3AgO  ,  CgNgOg. 
Until  quite  recently,  beyond  the  accidental  one  of  identity  of  com- 
position, no  relation  existed  between  fulminic  acid  and  its  isomers. 
Mr.  Gladstone  has,  however,  shown  that,  when  a  solution  of  fulmi- 
nate of  copper  is  mixed  with  excess  of  ammonia,  filtered,  treated  with 
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sulphuretted  hydrogen  in  excess,  and  again  filtered  from  the  insoluble 
sulphide  of  copper,  the  liquid  obtained  is  a  mixed  solution  of  urea 
and  sulphocyanide  of  ammonium. 

Chlorides  of  cyanogen. — Chlorine  forms  two  compounds  with 
cyanogen,  or  its  elements,  which  are  isomeric,  and  correspond  to  cyanic 
and  cyanuric  acids.  Gaseous  chloride  of  cyanogen,  CyCl,  is  formed 
by  conducting  chlorine  gas  into  strong  hydrocyanic  acid,  or  by  passing 
chlorine  over  moist  cyanide  of  mercury  contained  in  a  tube  sheltered 
from  the  light.  It  is  a  peiToanent  and  colourless  gas  at  the  tempera- 
ture of  the  air,  of  insupportable  pungency,  and  soluble  to  a  veiy  con- 
siderable extent  in  water,  alcohol,  and  ether.  At  0°  (— 17°'8C)  it 
congeals  to  a  mass  of  colourless  crystals,  which  at  5°  (— 15°C  melt 
to  a  liquid  whose  boiling-point  is  11*^  (— ll^-GO).  At  the  tempera- 
ture of  the  air  it  is  condensed  to  the  liquid  form  under  a  pressure  of 
four  atmospheres,  and  when  long  preserved  in  this  condition  in  her- 
metically-sealed tubes  it  gradually  passes  into  the  solid  modification. 
Solid  chloride  of  cyanogen  is  generated  when  anhydrous  hydrocyanic 
acid  is  put  into  a  vessel  of  chlorine  gas,  and  the  whole  exposed  to  the 
sun ;  hydrochloric  acid  is  foinned  at  the  same  time.  It  forms  long 
colourless  needles,  which  exhale  a  powerful  and  offensive  odour,  com- 
pared by  some  to  that  of  the  excrement  of  mice ;  it  melts  at  284° 
(140°C),  and  sublimes  unchanged  at  a  higher  temperature.  When 
heated  in  contact  with  water,  it  is  decomposed  into  cyanuric  and 
hydrochloric  acids.  This  compound  may  be  represented  by  the  for- 
mula CygClg,  or  C6N3,Cl3.  It  dissolves  in  alcohol  and  ether  without 
decomposition. 

Bromide  and  iodide  of  orANOGEN  correspond  to  the  first  of  the 
preceding  compounds,  and  are  prepared  by  distilling  bromine  or  iodine 
with  cyanide  of  mercury.  They  are  colourless,  volatile,  solid  sub- 
stances, of  powerful  odour. 


FERROCYANOGEN  AND  ITS  COMPOUNDS. 

Wlien  a  solution  of  cyanide  of  potassium  is  digested  with  iron- 
filings  at  a  gentle  heat  in  an  open  vessel,  oxygen  is  absorbed  from  the 
air,  the  ii-on  dissolves  quietly  and  disappears,  and  a  highly  alkaline, 
yellow  liquid  is  obtained,  which  on  evaporation  deposits  lemon-yellow 
crystals  containing  potassium  in  combination  with  a  new  salt-radical 
composed  of  the  metal  iron  and  the  elements  of  cyanogen ;  in  the 
mother-liquid  hydrate  of  potassa  is  found.  3  eq.  cyanide  of  potassium, 
1  eq.  iron,  and  1  eq.  oxygen,  yield  1  eq.  of  the  new  salt,  and  1  eq.  of 
potassa. 

3KCy-|-Fe     0  =  KO-fK5,,C6N3Fe. 

The  new  substance  is  called  fcrrocyanogen,  and  is  designated  by 
the  symbol  Cfy ;  it  is  bibasic,  neutralizing  2  equivalenls  of  metal  or 
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hydrogen,  and  contains  the  elements  of  3  equivalents  of  cyanogen  com- 
bined with  1  eq.  of  iron.    It  has  never  been  isolated. 

When  iron  in  filings  is  heated  in  a  small  retort  with  a  solution  of 
cyanide  of  potassium,  it  is  dissolved  with  evolution  of  hydrogen, 
caustic  potassa  and  the  new  substance  being  generated ;  the  oxygen 
in  this  case  is  derived  from  the  decomposition  of  water.  Sulphide  of 
iron  and  cyanide  of  potassium  give  rise,  under  similar  circumstances, 
to  sulphide  of  potassium  and  ferrocyanide  of  potassium. 

Hydroferrocyanic  acid,  HgCfy. — Ferrocyanide  of  lead  or  cop- 
per, both  of  which  are  insoluble,  may  be  suspended  in  water,  and 
decomposed  by  a  stream  of  sulphuretted  hydrogen  gas.  The  filtered 
solution  evaporated  in  the  vacuum  of  the  air-pump  over  a  surface  of 
oil  of  vitriol,  furnishes  the  acid  in  a  solid  form.  If  the  aqueous  so- 
lution be  agitated  with  ether,  neaily  the  whole  of  the  acid  separates 
in  colourless,  crystalline  laminae ;  it  may  even  be  made  in  large  quan- 
tity by  adding  hydrochloric  acid  to  a  strong  solution  of  ferrocyanide 
of  potassium  in  water  free  from  air,  and  shaking  the  whole  with  ether. 
The  crystals  may  be  dissolved  in  alcohol,  and  the  acid  again  thrown 
down  by  ether,  which  possesses  the  remarkable  property  of  precipi- 
tating this  substance  from  solution.  Hydroferrocyanic  acid  differs 
completely  from  hydrocyanic  acid ;  its  solution  in  water  has  a 
powerfully  acid  taste  and  reaction,  and  decomposes  alkaline  carbonates 
with  effervescence ;  it  refuses  to  dissolve  oside  of  mercury  in  the 
cold,  but  when  heat  is  applied,  undergoes  decomposition,  forming 
cyanide  of  mercury  and  a  peculiar  compound  of  iron,  cyanogen,  and 
oxygen,  with  reduction  of  some  of  the  oxide.  In  a  dry  state  the  acid 
is  very  permanent,  but  when  long  exposed  to  the  air  in  contact  with 
water  it  becomes  entirely  converted  into  Prussian  blue.  This  in- 
teresting substance  was  discovered  by  Mr.  Porrett. 

Ferrocyanide  op  potassidm,  frequently  called  Tellow  prussuite 
of  potash,  K^Cfy+mO,  or  KjCgNgFe  +  SHO.— This  most  beauti- 
ful salt  is  manufactured  on  a  large  scale  by  the  following  process, 
which  will  now  be  easily  intelligible :— Dry  refuse  animal  matter 
of  any  kind  is  fused  at  a  red-heat  with  impure  carbonate  of  potassa 
and  some  iron-filings  in  a  large  iron  vessel,  from  which  the  air 
should  be  excluded  as  much  as  possible :  cyanide  of  potassium 
is  generated  in  large  quantity.  The  melted  mass  is  afterwards 
treated  with  hot  water,  which  dissolves  out  the  cyanide  and  other 
salts;  the  cyanide  being  quickly  converted  by  the  oxide  or  sul- 
phide* of  iron  into  ferrocyanide.  The  filtered  solution  is  evapo- 
rated, and  the  first-formed  crystals  purified  by  re-solution.  If  a 
sufficient  quantity  of  iron  be  not  present,  great  loss  is  incurred  by  the 
decomposition  of  the  cyanide  into  formate  of  potassa  and  ammonia. 

Ferrocyanide  of  potassium  forms  large,  transparent,  yellow  crystals, 
derived  from  an  octahedron  with  a  square  base ;  they  cleave  with 

*  The  sulphur  is  derived  from  the  reduced  sulphate  of  the  crude  nearl-ashes 
used  in  this  manufacture. 
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facility  in  a  direction  parallel  to  the  base  of  the  octahedron,  and  are 
tough  and  difficult  to  powder.  They  dissolve  in  4  parts  of  cold,  and 
in  2  of  boiling  water,  and  are  insoluble  in  alcohol.  They  are  perma- 
nent in  the  air,  and  have  a  mild  saline  taste.  The  salt  has  no  poison- 
ous properties,  and  in  small  doses,  at  least,  is  merely  purgative.  Ex- 
posed to  a  gentle  heat,  it  loses  3  eq.  of  water  and  becomes  anhydrous ; 
at  a  high  temperature  it  yields  cyanide  of  potassium,  carbide  of  iron, 
and  various  gaseous  products  ;  if  air  be  adrnitted,  the  cyanide  becomes 
cyanate. 

The  ferrocyanides  are  often  described  as  double  salts,  in  which  pro- 
tocyanide  of  iron  is  combined  with  other  metallic  cyanides,  or  with 
hydrogen.  Thus  hydroferrocyanic  acid  is  written  FeCy,2HCy,  and 
ferrocyanide  of  potassium,  FeCy,2KCy  +  3H0 ;  the  oxygen  and 
hydrogen  of  the  water  of  crystallization  being  respectively  adequate 
to  convert  the  metals  into  protoxides  and  the  cyanogen  into  hydro- 
cyanic acid.  This  view  has  the  merit  of  simplicity,  and  will  often 
prove  a  useful  aid  to  the  memory  ;  but  there  are  insupei'able  objec- 
tions to  its  adoption  as  a  sound  and  satisfactory  theory. 

Feri'ocyanide  of  potassium  is  a  chemical  reagent  of  great  value  : 
when  mixed  in  solution  with  neutral  or  slightly-acid  salts  of  the 
metals  proper,  it  gives  rise  to  precipitates  which  very  frequently  pre- 
sent highly-characteristic  colours.  In  most  of  these  compounds  the 
potassium  of  the  base  is  simply  displaced  by  the  new  metal:  the 
beautiful  brown  ferrocyanide  of  copper  contains,  for  example,  CujCfy 
or'CujCgNgFe,  and  that  of  lead,  Pb^Cfy.  With  salts  of  protoxide 
of  iron  it  gives  a  bluish  precipitate,  which  becomes  rapidly  dark  blue 
by  exposure  to  air :  this  appears  to  be  a  compound  of  tiie  neutral  fer- 
rocyanide of  iron,  FegCfy,  with  ferrocyanide  of  potassium. 

When  a  ferrocyanide  is  added  to  a  solution  of  a  salt  of  sesquioxide  of 
iron,  Prussian  blue  is  produced.  Although  this  remarkable  sub- 
stance has  now  been  long  known,  and  many  elaborate  researches  have 
been  made  with  a  view  of  determining  its  exact  composition,  the 
problem  cannot  yet  be  said  to  be  completely  solved.  This  difficulty 
arises  in  great  measure  from  the  existence  of  several  distinct  deep-blue 
compounds  formed  under  different  circumstances,  and  having  many 
properties  in  common,  which  have  been  frequently  confounded.  The 
following  is  a  summary  of  the  account  given  by  Berzelius,  who  has 
paid  much  attention  to  this  subject. 

Ordinary  Prussian  Blue,  CigNoFe,,  or  Fe^Cfyj.— This  is  best  pre- 
pared by  adding  nitrate  of  sesquioxide  of  iron  to  solution  of  ferro- 
cyanide of  potassium,  keeping  the  latter  in  slight  excess.  It  forms  a 
bulky  precipitate  of  the  most  intense  blue,  which  shrinks  to  a  com- 
paratively small  compass  when  well  washed  and  dried  by  gentle  heat. 
In  a  dry  state  it  is  hard  and  brittle,  much  resembling  in  appearance 
the  best  indigo  ;  the  freslily-fractured  surfaces  have  a  beautiful  cojipei-- 
red  lustre,  similar  to  that  produced  by  rubbing  indigo  with  a  hard 
body.     Prussian  blue  is  quite  insoluble  in  water  and  dilute  acids. 
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with  the  exception  of  oxalic  acid,  in  a  solution  of  wliich  it  dissolves, 
forming  a  deep-blue  liquid,  which  is  sometimes  used  as  ink  ;  con- 
centrated oil  of  vitriol  converts  it  into  a  white,  pasty  mass,  which 
again  becomes  blue  on  the  addition  of  water.  Alkalis  destroy  the 
colour  instantly  ;  they  dissolve  out  a  feiTOcyanide,  and  leave  sesqui- 
oxide  of  iron.  Boiled  with  water  and  red  oxide  of  mercury,  it  yields 
a  cyanide  of  the  metal,  and  sesquioxide  of  iron.  Heated  in  tlie  air, 
Prussian  blue  burns  like  tinder,  leaving  a  residue  of  sesquioxide  of 
iron.  Exposed  to  a  high  temperature  in  a  close  vessel,  it  disengages 
water,  cyanide  of  ammonium,  and  carbonate  of  ammonia,  and  leaves 
carbide  of  iron.  This  substance  forms  a  very  beautiful  pigment,  both 
an  oil  and  a  water  colour,  but  has  little  pennanency.  The  Prussian 
blue  of  commerce  is  always  exceedingly  impure ;  it  contains  alumina 
and  other  matters,  which  gi-eatly  diminish  the  brilliancy  of  the 
colour. 

The  production  of  Prussian  blue  by  mixing  a  salt  of  sesquioxide  of 
iron  and  ferrocyanide  of  potassium  or  sodium  may  thus  be  eluci- 
dated :— 


3  eq.  ferrocyanide  j  3  eq.  ferrocyanogen 


potassium 


6  eq.  potassium 


eq.  nitrate  of  j4  eq.  iron 
sesquioxide    of  <6  eq.  oxygeii 


U'on 


6  eq.  nitric  acid 


3K,Cfy  + 


Prussian  blue. 


6  eq.  nitrate 
of  potassa. 
6CKO,N05) 


2(Fe203,3N05)    =    Fe.Cfya  + 

In  the  above  formula  no  account  is  taken  of  the  elements  of  water 
which  Prussian  blue  certainly  contains;  in  fact,  it  must  be  looked 
upon  as  still  requiring  examination. 

The  theory  of  the  beautiful  test  of  Scheele  for  the  discovery  of  hy- 
drocyanic acid,  or  any  soluble  cyanide,  will  now  be  clearly  intelligible. 
The  liquid  is  mixed  with  a  salt  of  protoxide  of  iron  and  excess  of 
caustic  alkali ;  the  protoxide  of  iron  quickly  converts  the  alkaline 
cyanide  into  ferrocyanide.  By  exposure  for  a  short  time  to  the  air, 
another  portion  of  the  hydrated  oxide  becomes  peroxidized  ;  when 
excess  of  acid  is  added,  this  is  dissolved,  together  withi  the  unaltered 
protoxide ;  and  thus  presented  to  the  ferrocyanide  in  a  state  fitted 
for  the  production  of  Prussian  blue. 

Basic  Prussian  Blue,  Fe^Cfyg+FeaOg.— This  is  a  combination 
of  Prussian  blue  with  sesquioxide  of  iron  :  it  is  formed  by  exposino- 
to  the  air  the  white  or  pale-blue  precipitate  caused  by  a  ferrocyanide 
in  a  solution  of  protosalt  of  iron.  It  differs  from  the  precedino-  in 
being  soluble  in  pure  water,  although  not  in  a  sahne  solution. 

The  blue  precipitate,  obtained  by  adding  nitrate  of  sesquioxide  of 
iron  to  a  large  excess  of  ferrocyanide  of  potassium,  is  a  mixture  of 
insoluble  Prussian  blue  with  a  compound  containing  that  substance 
in  union  with  ferrocyanide  of  potassium,  or  Fe^Cfya-f-'iK  Cfy.  This 
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also  dissolves  in  water  as  soon  as  the  salts  have  been  removed  by 
washing. 

The  other  ferrocyanides  may  be  despatched  in  a  few  words. 

The  soda-salt,  Na2Cfy  +  12HO,  crystallizes  in  yellow  four-sided 
prisms,  which  are  eiHorescent  in  the  air  and  very  soluble. 

Ferrocyanide  of  ammonium  (NHJ^Cfy+SHO,  is  isomorphous 
with  ferrocyanide  of  potassium  ;  it  is  easily  soluble,  and  is  decomposed 
by  ebullition.  Ferrocyanide  of  barium,  BajCfy,  prepared  by  double 
decomposition,  or  by  boiling  Prussian  blue  in  baryta-water,  foms 
minute  yellow,  anhydrous  crystals,  which  have  but  a  small  degree  of 
solubility  even  m  boiling  water.  The  corresponding  compounds  of 
strontium,  calcium,  and  magnesium  are  more  freely  soluble.  The 
ferrocyanides  of  silver,  lead,  zinc,  maganese,  and  bismuth  are  white 
and  insoluble;  those  of  nickel  and  cobalt  are  pale  green,  and  in- 
soluble; and,  lastly,  that  of  copper  has  a  beautiful  reddish-brown 
tint. 

Ferrocyanides  with  two  basic  metals  are  occasionally  met  with; 
when,  for  example,  concentrated  solutions  of  chloride  of  calcium  and 
ferrocyanide  of  potassium  are  mixed,  a  sparingly-soluble  crystalline 
precipitate  falls,  containing  KCaCfy,  the  salt-radical  being  half  satu- 
rated with  potassium  and  half  with  calcium  ;  many  similar  com- 
pounds have  been  formed. 

Ferri-,  or  ferridcyanogen,  CjjNgFej;  or  Cfdy.— This  name  is 
given  to  a  substance,  by  some  thought  to  be  a  new  salt-radical,  iso- 
meric with  ferrocyanogen,  but  differing  in  capacity  of  saturation ;  it 
has  never  been  isolated.  Ferrocyanide  of  potassium  is  thus  pre- 
pared : — Chlorine  is  slowly  passed,  with  agitation,  into  a  somewhat 
dilute  and  cold  solution  of  ferrocyanide  of  potassium,  until  the  liquid 
acquires  a  deep  reddish-green  colour,  and  ceases  to  precipitate  a  salt 
of  the  sesquioxide  of  iron.  It  is  then  evaporated  until  a  skin  begins 
to  form  upon  the  surface,  filtered,  and  left  to  cool ;  the  salt  is  purified 
by  re-crystallization.  It  forms  regular  prismatic,  or  sometimes  tabular 
crystals,  of  a  beautiful  ruby-red  tint,  permanent  in  the  air,  and  soluble 
in  4  parts  of  cold  water ;  the  solution  has  a  dark-greenish  colour. 
The  crystals  burn  when  inti  oduced  into  the  flame  of  a  candle,  and 
emit  sparks. 

Ferricyanide  of  potassium  contains  K^Cfdy ;  hence  the  radical  is 
tribasic ;  the  salt  is  formed  by  the  abstraction  of  an  equivalent  of 
potassium  from  2  eq.  of  the  yellow  ferrocyanide  of  potassium.  It  is 
decomposed  by  excess  of  chlorine,  and  by  deoxidizing  agents,  as 
sulphm-etted  hydrogen.  The  term  red  pmssiate  of  potash  is  often, 
but  very  improperly,  given  to  this  substance. 

Ferricyanide  of  hydrogen  is  obtained  in  the  form  of  a  reddish-brown 
acid  liquid,  by  decomposing  ferricyanide  of  lead  with  sulphuric  acid, 
it  is  very  instable,  and  is  resolved,  by  boiling,  into  a  hydi'ated  sesqui- 
cyanide  of  iron,  an  insoluble  dark  green  powder,  containing  Fe^Cy.j 
-f3H0,  and  hydrocyanic  acid.    The  ferricyanides  of  sodium,  am- 
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monium,  and  of  the  alkaline  earths  are  soluble :  those  of  most  of  the 
other  metals  are  insoluble.  Ferricyanide  of  potassium,  added  to  a 
salt  of  the  sesquioxide  of  iron,  occasions  no  precipitate,  but  merely  a 
darkening  of  the  reddish-brown  colour  of  the  solution ;  with  pro- 
toxide of  iron,  on  the  other  hand,  it  gives  a  deep-blue  precipitate, 
containing  FcgCfdy,  which,  when  dry,  has  a  brighter  tint  than  that 
of  Prussian  blue ;  it  is  known  under  the  name  of  TurnbuU's  blue. 
Hence,  ferricyanide  of  potassium  is  as  excellent  a  test  for  protoxide 
of  iron,  as  the  yellow  ferrocyauide  is  for  the  sesquioxide. 

CoBALTOGYANOGEN. — A  series  of  compounds  analogous  to  the  pre- 
ceding, containing  cobalt  in  place  of  iron,  have  been  formed  and 
studied;  a  hydrogen-acid  has  been  obtained,  and  a  number  of  salts, 
which  much  resemble  those  of  ferricyanogen.  Several  other  metals 
of  the  same  isomorphous  family  are  found  capable  of  replacing  iron  in 
these  circumstances. 

Nitroprussides. — The  action  of  nitric  acid  upon  ferrocyanides 
and  ferricyanides  gives  rise  to  the  formation  of  a  very  interesting 
series  of  new  salts,  which  were  discovered  by  Dr.  Playfair.  The 
general  formula  of  these  salts  appears  to  be  M2Fe2CyjNO,  which 
exhibits  a  close  relation  with  those  of  the  ferro-  and  ferricyanides. 

2M2Cfy    =  Fej    Cyg    =  ferrocyanides. 

Mg    Fsj    Cyg    =  ferricyanides. 

Foj  =  nitroprussides. 

According  to  this  formula,  the  formation  of  the  nitroprusside  would 
consist  in  the  reduction  of  the  nitric  acid  to  the  state  of  protoxide  of 
nitrogen,  which  replaces  1  eq.  of  cyanogen  m  2  eq.  of  ferrocyanide. 
The  formation  of  these  salts  is  attended  by  the  production  of  a 
variety  of  secondary  products,  such  as  cyanogen,  oxamide,  hydro- 
cyanic acid,  nitrogen,  carbonic  acid,  &c.  One  of  the  finest  com- 
pounds of  this  series  is  the  nitroprusside  of  sodium,  Na.„Fe2CygN0-|- 
4H0,  which  is  readily  obtained  by  treating  2  parts  of  the  powdered 
ferrocyanide  with  5  parts  of  common  nitric  acid,  previously  diluted 
with  its  own  volume  of  water.  The  solution,  after  the  evolution  of 
gas  has  ceased,  is  digested  on  the  water-bath,  until  salts  of  protoxide 
of  iron  no  longer  yield  a  blue  but  a  slate-coloured  precipitate.  The 
liquid  is  now  allowed  to  cool,  when  much  nitrate  of  potassa,  and 
occasionally  oxamide,  is  deposited :  it  is  filtered  and  neutralized  with 
carbonate  of  soda,  which  yields  a  green  or  brown  precipitate,  and 
furnishes  a  ruby-coloured  filtrate.  This,  on  evaporation,  gives  a 
crystallization  of  nitrate  of  potassa  and  soda,  together  with  the  new 
salt.  The  crystals  of  the  latter  are  selected  and  purified  by  crystal- 
lization ;  they  are  rhombic,  and  of  a  splendid  ruby  colour.  The 
soluble  nitroprussides  strike  a  most  beautiful  violet  tint  with  soluble 
sulphides.  This  reaction  is  recommended  by  Dr.  Playfair  as  the 
most  delicate  test  for  alkaline  sulphides. 
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SULPHOCYANOGEN,  ITS  COMPOCNDS  AND  DERIVATIVES 

The  elements  of  cyanogen  combine  with  sulphur,  forming  a  vei  v 
important  and  well-defined  salt-radical,  called  siclphocijaiiogen,  which 
contains  CjNSj,  and  is  monobasic ;  it  is  expressed  by  the  symbol 
Csy. 

SOLPHOCYANIDE  OF  POTASSIUM,  KCsy. — Yellow  ferrocyanide  of 
potassium,  deprived  of  its  water  of  crystallization,  is  intimately  mixed 
with  half  its  weight  of  sulphur,  and  the  whole  heated  to  tranquil 
fusion  in  an  iron  pot,  and  kept  for  some  time  in  that  condition.  When 
cold,  the  melted  mass  is  boiled  with  water,  which  dissolves  out  a 
mixture  of  sulphocyauide  of  potassium  and  sulphocyanide  of  iron, 
leaving  little  behind  but  the  excess  of  sulphur  employed  in  the  ex- 
periment. This  solution,  which  becomes  red  on  exposure  to  the  air 
from  the  oxidation  of  the  iron,  is  mixed  with  carbonate  of  potassa, 
by  which  the  oxide  of  iron  is  precipitated,  and  potassium  substi- 
tuted :  an  excess  of  the  carbonate  must  be,  as  far  as  possible, 
avoided.  The  filtered  liquid  is  concentrated,  by  evaporation  over 
an  open  fire,  to  a  small  bulk,  and  left  to  cool  and  crystallize.  The 
crystals  are  drained,  purified  by  re-solution,  if  necessary,  or  dried  by 
enclosing  them,  spread  on  filter-paper,  over  a  surface  of  oil  of  vitriol, 
covered  by  a  bell-jar. 

The  reaction  between  the  sulphur  and  the  elements  of  the  yellow 
salt  is  easily  explained  :  1  eq.  of  ferrocyanide  of  potassium,  and  6  eq. 
sulphur,  yielded  2  eq.  of  sulphocyanide  of  potassium,  and  1  eq.  of 
sulphocyanide  of  iron. 

KjCfy  =  C6N3Fe,K2  +  GS  =  2(KC  jNS^)  +  FeC^NSa. 

Another  and  perhaps  simpler  process  consists  in  gradually  heating 
to  low  redness  in  a  covered  vessel  a  mixture  of  46  parts  of  dried 
ferrocyanide  of  potassium,  32  of  sulphur,  and  17  of  pure  carbonate  of 
potassa.  The  mass  is  exhausted  by  water,  the  aqueous  solution  eva- 
porated to  dryness  and  extracted  with  alcohol.  The  alcoholic  liquid 
deposits  splendid  crystals  on  cooling  or  evaporation. 

The  new  salt  crystallizes  in  long,  slender,  colourless  prisms,  or 
plates,  which  ai-e  anhydrous ;  it  has  a  bitter  saline  taste,  and  is  des- 
titute of  poisonous  properties;  it  is  very  soluble  in  water  and  alcohol, 
and  deliquesces  when  exposed  to  a  moist  atmosphere.  When  heated, 
it  fuses  to  a  colourless  liquid,  at  a  temperature  fai-  below  that  of  igni- 
tion. 

When  chlorine  is  passed  into  a  strong  solution  of  sulphocyanide  of 
potassium,  a  large  quantity  of  a  bulky,  deep  yellow,  insoluble  sub- 
stance, resembling  some  varieties  of  chromate  of  lead,  is  produced, 
together  with  chloride  of  potassium,  which  tends  to  choke  up  the 
tube  delivering  the  gas;  the  liquid  sometimes  assmnes  a  deep-red 
tint,  and  disengages  a  pungent  vapour,  probably  chloride  of  cyanogen. 
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This  yellow  matter  may  be  collected  on  a  filter,  well  washed  with 
boiling  water,  and  dried :  it  retains  its  brilliancy  of  tint.  The  term 
sulphocyanogen  has  generally  been  applied  to  this  substance,  from  its 
supposed  identity  with  the  radical  of  the  sulphocyanides :  it  is, 
however,  invariably  found  to  contain  both  oxygen  and  hydrogen  ;  and 
a  formula  much  more  coraplex  than  that  belonging  to  the  true  sulpho- 
cyanogen, namely,  CjHjN^SgO,  has  been  lately  assigned  to  it.  The 
yellow  substance  is  quite  insoluble  in  water,  alcohol,  and  ether;  it 
dissolves  in  concentrated  sulphuric  acid,  from  which  it  is  precipitated 
by  dilution.  Caustic  potassa  also  dissolves  it,  with  decomposition ; 
acids  throw  down  from  this  solution  a  pale-yellow,  insoluble  body, 
having  acid  properties.  When  heated  in  a  dry  state,  the  so-called 
sulphocyanogen  evolves  sulphur  and  bisulphide  of  carbon,  and  leaves 
a  curious,  pale  straw-yellow  substance,  called  mellon,  which  contains 
CgN^,  and  is  known  to  combine  with  hydrogen,  and  the  metals. 
Mellon  bears  a  dull  red-heat  without  decomposition,  but  is  resolved 
by  strong  ignition  into  a  mixture  of  cyanogen  and  nitrogen  gases. 
It  is  quite  insoluble  in  water,  alcohol,  and  dilute  acids. 

Htdrosulpiiocyanic  acid,  HCsy,  is  obtained  by  decomposing 
sulphocyanide  of  lead,  suspended  in  water,  by  sulphuretted  hydrogen. 
The  filtered  solution  is  colourless,  very  acid,  and  not  poisonous  ;  it  is 
easily  decomposed,  in  a  very  complex  manner,  by  ebullition ;  and  by 
exposure  to  the  air.  By  neutralizing  the  liquid  with  ammonia,  and 
evaporating  very  gently,  to  dryness,  sulphocyanide  of  ammonium, 
NH^Csy,  is  obtained  as  a  deliquescent,  saline  mass.  This  salt  may 
be  conveniently  prepared  by  digesting  hydrocyanic  acid  with  yellow 
sulphide  of  ammonium,  and  boiling  ofi'  the  excess  of  the  latter  (NH^S3 
-|-HCy  =  NH^Csy-(-HS).  The  sulphocyanides  of  sodium,  barium, 
strontium,  calcium,  manganese,  and  iron  are  colourless,  and  very 
soluble  ;  those  of  lead  and  silver  are  white  and  insoluble.  A  soluble 
sulphocyanide,  mixed  with  a  salt  of  the  sesquioxide  of  iron,  gives  no 
precipitate,  but  causes  the  liquid  to  assume  a  deep  blood-red  tint, 
exactly  like  that  caused  under  similar  circumstances  by  meconic 
acid :  hence  the  occasional  use  of  sulphocyanide  of  potassium  as  a 
test  for  iron  in  the  state  of  sesquioxide.  The  great  facility  with 
which  hydrocyanic  acid  may  be  converted  into  sulphocyanide  of 
ammonium  enables  us  to  ascertain  its  presence  by  the  iron-test  just 
described.  The  cyanide  to  be  examined  is  mixed  in  a  watch-glass 
with  some  hydrochloric  acid  and  covered  with  another  watch-glass, 
to  which  a  few  drops  of  yellow  sulphide  of  ammonium  adhere.  On 
heating  the  mixture,  hydrocyanic  acid  is  disengaged,  which  com- 
bines with  the  sulphide  of  ammonium,  and  produces  sulphocyanide 
of  ammonium ;  this,  after  expulsion  of  the  excess  of  sulphide,  yields 
the  red  colour  with  solution  of  sesquichloride  of  iron. 

Selenocyanogen. — A  series  of  salts  containing  selenium,  and  cor- 
responding in  their  composition  and  properties  with  the  sulphocyanides, 
exist.    They  have  been  lately  studied  by  Mr.  Crookes. 
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Melam. — Such  is  the  name  given  by  Liebig  to  a  curious  buff- 
coloured,  insoluble,  amorphous  substance,  obtained  by  the  distillation 
at  a  high  temperature  of  sulphocyanide  of  ammonium.  It  may  be 
prepared  in  large  quantity  by  intimately  mixing  1  part  of  perfectly 
dry  sulphocyanide  of  potassium  with  2  parts  of  powdered  sal-am- 
moniac, and  heating  the  mixture  for  some  time  in  a  retort  or  flask; 
bisulphide  of  carbon,  sulphide  of  ammonium,  and  sulphuretted  hy- 
drogen are  disengaged  and  volatilized,  while  a  mixture  of  melam, 
chloride  of  potassium,  and  some  sal-ammoniac  remains :  the  two 
latter  substances  are  removed  by  washing  with  hot  water.  Melam 
contains  CisHgNu;  it  dissolves  in  concentrated  sulphuric  acid,  and 
gives,  by  dilution  with  water  and  long  boiling,  cyanuric  acid.  The 
same  substance  is  produced  with  disengagement  of  ammonia  when 
melam  is  fused  with  hydrate  of  potassa.  When  strongly  heated, 
melam  is  resolved  into  mellon  and  ammonia. 

If  melam  be  boiled  for  a  long  time  in  a  moderately-strong  solution  of 
caustic  potassa,  until  the  whole  has  dissolved,  and  the  liquid  be  then 
concentrated,  a  crystalline  substance  separates  on  cooling,  which  is 
called  melainine.  By  re-crystallization  it  is  obtained  in  colourless 
crystals,  having  the  figure  of  an  octahedron  with  rhombic  base  ;  it  is 
but  slightly  soluble  in  cold  water,  fusible  by  heat,  and  volatile  with 
trifling  decomposition.  It  contains  CgHjNg,  and  acts  as  abase,  com- 
bining with  acids  to  crystallizable  compounds.  A  second  basic  sub- 
stance called  ammeline,  very  similar  in  pi  operties  to  melamine,  is 
found  in  the  alkaline  mother-liquor  from  which  the  melamine  has 
separated  ;  it  is  thrown  down  on  neutralizing  the  liquid  with  acetic 
acid.  The  precipitate,  dissolved  in  dilute  nitric  acid,  yields  crystals 
of  nitrate  of  ammeline,  from  which  the  pure  ammeline  may  be  sepa- 
rated by  ammonia.  It  forms  a  brilliant  white  powder  of  minute 
needles,  insoluble  in  water  and  alcohol,  and  contains  CgHjNjOj. 
When  ammeline  is  dissolved  in  concentrated  sulphuric  acid,  and  the 
solution  mixed  with  a  large  quantity  of  water,  or,  better,  spirit  of 
■wine,  a  white,  insoluble  powder  falls,  which  is  designated  ammelide, 
and  is  found  to  contain  CuHoNgOg.  When  long  boiled  with  dilute 
sulphuric  acid,  melamine,  ammeline,  and  ammelide  are  converted  into 
cyanuric  acid  and  ammonia. 


urea;  uric  acid  and  its  products. 

These  bodies  are  closely  connected  with  the  cyanogen-compounds, 
and  may  be  most  conveniently  discussed  in  the  present  place. 

Urea. — Urea  may  be  extracted  from  its  natural  source,  the  urine, 
or  it  may  be  prepared  by  artificial  means.  Fresh  urine  is  concentrated 
in  a  water-bath,  until  reduced  to  an  eighth  or  a  tenth  of  its  original 
volume,  and  filtered  through  cloth  from  the  insoluble  deposit  of  urates 
and  phosphates.    The  liquid  is  mixed  with  about  an  equal  quantity 
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of  a  strong  solution  of  oxalic  acid  in  hot  water,  and  the  whole 
vigorously  agitated  and  left  to  cool.  A  very  copious  fawn-coloured 
crystalliae  precipitate  of  oxalate  of  urea  is  obtained,  which  may  be 
placed  upon  a  cloth  filter,  slightly  washed  with  cold  water,  and 
pressed.  This  is  to  be  dissolved  in  boiling-hot  water,  and  powdered 
chalk  added  until  elfervescence  ceases,  and  the  liquid  becomes  neutral. 
The  solution  of  urea  is  filtered  from  the  insoluble  oxalate  of  lime, 
warmed  with  a  little  animal  cliarcoal,  again  filtered,  and  concentrated 
by  evaporation,  avoiding  ebullition,  until  crystals  form  on  cooling : 
these  are  purified  'by  a  repetition  of  the  last  part  of  the  process. 
Urea  can  be  extracted  in  great  abundance  from  the  urine  of  horses 
and  cattle  duly  concentrated,  and  from  which  the  hippuric  acid  has 
been  separated  by  the  addition  of  hydrochloric  acid ;  oxalic  acid  then 
throws  down  the  oxalate  in  such  quantity  as  to  render  the  whole 
semi-solid.  Another  process  consists  in  precipitating  the  evaporated 
urine  with  concentrated  nitric  acid,  when  nitrate  of  urea  is  preci- 
pitated, which  is  purified  by  re-ciystallization  with  animal  charcoal,  and 
lastly  decomposed  by  carbonate  of  baryta.  A  mixture  of  nitrate  of 
baryta  and  urea  is  formed,  which  is  evaporated  to  diyness  on  the 
water-bath,  and  exhausted  with  alcohol,  from  which  the  urea  crystal- 
lizes on  cooling. 

By  artificial  means  urea  is  produced  by  beating  solution  of  cyanate 
of  ammonia.  The  following  method  of  proceeding  yields  it  in  any 
quantity  that  can  be  desired.  Cyanate  of  potassa,  prepared  by 
Liebig's  process,*  is  dissolved  in  a  small  quantity  of  water,  and  a 
quantity  of  dry  neutral  sulphate  of  ammonia,  equal  in  weight  to  the 
cyanate,  added.  The  whole  is  evaporated  to  dryness  in  a  water-bath, 
and  the  dry  residue  boiled  with  strong  alcohol,  which  dissolves  out 
the  urea,  leaving  the  sulphate  of  potassa  and  the  excess  of  sulphate 
of  ammonia  untouched.  The  filtered  solution,  concentrated  by  dis- 
tilling off  a  portion  of  the  spirit,  deposits  the  urea  in  beautiful  ciys- 
tals  of  considerable  magnitude. 

Urea  forms  transparent,  colourlcos,  four-sided  prisms,  which  are  solu- 
ble in  an  equal  weight  of  cold  water,  and  in  a  much  smaller  quantity 
at  a  high  temperature.  It  is  also  readily  dissolved  by  alcohol.  It  is 
inodorous,  has  a  cooling  saUne  taste,  and  is  pei-manent  in  the  air, 
unless  the  latter  be  very  damp.  When  heated  it  melts,  and  at  a 
higher  temperature  decomposes  with  evolution  of  ammonia  and 
cyanate  of  ammonia ;  cyaniuic  acid  remains,  which  bears  a  much 
greater  heat  without  change.  The  solution  of  urea  is  neutral  to  test- 
paper  ;  it  is  not  decomposed  in  the  cold  by  alkalis  or  by  hydrate  of 
lime,  but  at  a  boiling  heat  emits  ammonia,  and  forms  a  carbonate  of 
the  base.  The  same  change  happens  by  fusion  with  the  alkaline 
hydrates.  Brought  into  contact  with  nitrous  acid,  it  is  decomposed 
instantly  into  a  mixture  of  nitrogen  and  carbonic  acid  gases:  this 
decomposition  explains  the  use  of  urea  in  preparino-  nitric  ether 
(see  page  427).    With  chlorine  it  yields  hydrochloric  "acid,  nitrogen, 

*  See  page  524. 
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and  carbonic  acid.  Crystallized  urea  is  anhydrous ;  it  contains 
CjH^NjO^,  or  the  elements  of  cyanate  of  oxide  of  ammonium.  It 
differs  from  carbonate  of  ammonia  by  the  elements  of  water ;  hence 
it  might  with  some  propriety  be  called  carbamide.  It  is  easily  con- 
verted into  carbonate  of  ammonia  by  assimilating  the  oxygen  and 
hydrogen  of  2  eq.  of  water.  A  solution  of  pure  urea  shows  no 
tendency  to  change  by  keeping,  and  is  not  decomposed  by  boiling ; 
in  the  urine,  on  the  other  hand,  where  it  is  associated  with  putrefiable 
organic  matter,  as  mucus,  the  case  is  different.  In  putrid  urine  no 
urea  can  be  found,  but  enough  carbonate  of  ammonia  to  cause  brisk 
eflfervescence  with  an  acid ;  and  if  urine  in  a  recent  state,  be  long 
boiled,  it  gives  off  ammonia  and  carbonic  acid  from  the  same  source. 

Urea  acts  as  a  salt-base ;  with  nitric  acid  it  forms  a  sparingly  solu- 
ble compound,  which  crystallizes,  when  pure,  in  small,  indistinct, 
colourless  plates,  containing  single  equivalents  of  urea,  nitric  acid, 
and  water.  When  colourless  nitric  acid  is  added  to  urine,  concen- 
trated to  a  fourth  or  a  sixth  of  its  volume,  and  cold,  the  nitrate  crys- 
tallizes out  in  large,  bi-illiant  yellow  laminse,  which  are  very  insoluble 
in  the  acid  liquid.  The  production  of  this  nitrate  is  highly  charac- 
teristic of  urea.  The  oxalate,  when  pure,  crystallizes  in  large, 
transparent  colourless  plates,  which  have  an  acid  reaction,  and  are 
sparingly  soluble  ;  it  contains  an  equivalent  of  water.  Urea  forms 
several  compounds  with  metallic  salts,  e.  g.,  with  those  of  mercury. 
On  mixing  a  liquid  containing  urea  with  a  solution  of  nitrate  of 
protoxide  of  mercury,  a  white  precipitate  takes  place,  which  is  a 
compound  of  urea  with  4  eq.  of  protoxide  of  mercury.  If  the  nitric 
acid,  which  is  thus  set  free,  be  neutralised  by  the  addition  of  an 
alkali  or  baryta-water,  the  whole  of  the  urea  is  removed  from  the 
liquid  in  the  form  of  the  above  compounds.  Prof.  Liebig,  to  whom 
we  are  indebted  for  this  observation,  has  based  upon  this  deportment 
a  process  of  determining  the  amount  of  urea  in  urine.  The  details 
of  this  method,  which  is  equally  interesting  to  the  chemist  and  the 
physiologist,  have  just  been  published.* 

A  series  of  substances  analogous  to  urea  which  have  lately  been 
discovered  and  described  under  the  name  of  methylamine-urea,  ethyl- 
amine-urea,  biethylamine-urea,  &c.,  will  be  noticed  in  the  section  on 
the  Vegeto-alkalis. 

Uric,  or  lithic  acid. — This  is  a  product  of  the  animal  organism, 
and  has  never  been  formed  by  artificial  means.  It  may  be  prepared 
from  human  urine  by  concentration,  and  addition  of  hydrochloric 
acid;  it  crystallizes  out  after  some  time  in  the  form  of  small,  reddish, 
translucent  grains,  very  difficult  to  purify.  A  much  preferable 
method  is,  to  employ  the  solid  white  excrement  of  serpents,  which 
can  be  easily  procured  ;  this  consists  almost  entirely  of  uric  acid  and 
urate  of  ammonia.  It  is  reduced  to  powder,  and  boiled  in  dilute 
solution  of  caustic  potassa;  the  liquid,  filtered  from  the  insignificant 
residue  of  feculent  matter  and  earthy  phosphates,  is  mixed  with  ex- 
*  Journal  of  the  Chemical  Society,  vol.  vi.  p.  1. 
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cess  of  hydrochloric  acid,  boiled  for  a  few  minutes,  and  left  to  cool. 
The  product  is  collected  on  a  filter,  washed  until  free  from  chloride  of 
potassium,  and  dried  by  gentle  heat. 

Uric  acid,  thus  obtained,  forms  a  glistening,  snow-white  powder, 
tasteless,  inodorous,  and  very  sparingly  soluble.  It  is  seen  under  the 
microscope  to  consist  of  minute,  but  regular  crystals.  It  dissolves  in 
concentrated  sulphuric  acid  without  apparent  decomposition,  and  is 
precipitated  by  dilution  with  water.  By  destructive  distillation,  uric 
acid  yields  cyanic,  hydrocyanic,  and  carbonic  acids,  carbonate  of 
ammonia,  and  a  black  coaly  residue,  rich  in  nitrogen.  By  fusion 
with  hydrate  of  potassa,  it  furnishes  carbonate  and  cyanate  of  the 
base,  and  cyanide  of  the  alkaline  metal.  When  treated  with  nitric 
acid  and  with  binoxide  of  lead,  it  undergoes  decomposition  in  a  man- 
ner to  be  presently  described. 

Uric  acid  is  found  by  analysis  to  contain  CioH2N40^,2HO.  It  is 
a  bibasic  acid. 

The  only  salts  of  uric  acid  that  have  attracted  any  attention  are 
those  of  the  alkalis  :  acid  urate  of  potassa  contains  KO,HO, 
CioH2N404;  it  is  deposited  from  a  hot,  saturated  solution  of  uric 
acid  in  the  dilute  alkali  as  a  white,  sparingly  soluble  concrete  mass, 
composed  of  minute  needles  ;  it  requires  about  500  parts  of  cold 
water  for  solution,  is  rather  more  soluble  at  a  high  temperature, 
and  much  more  soluble  in  excess  of  alkali.  Urate  of  soda  resembles 
the  salt  of  potassa ;  it  forms  the  chief  constituent  of  the  gouty  con- 
cretions in  the  joints  called  chalk-stones.  Urate  of  ammonia  is  also 
a  sparingly  soluble-compound,  requiring  for  the  purpose  about  1000 
parts  of  cold  water;  the  solubility  is  very  much  increased  by  the 
presence  of  a  small  quantity  of  certain  salts,  as  chloi  ide  of  sodium. 
This  is  the  most  common  of  the  urinary  deposits,  forming  a  bulf- 
coloured  or  pinkish  cloud  or  muddiness,  which  disappears  by  re-solu- 
tion when  the  urine  is  warmed ;  the  secretion  from  which  this  is 
deposited  has  an  acid  reaction.    It  occurs  also  as  a  calculus. 

The  following  substances  result  from  the  oxidation  of  uric  acid  by 
binoxide  of  lead  and  nitric  acid  :  they  are  some  of  the  most  beautiful 
and  interesting  bodies  known,  most  of  which  have  been  discovered 
by  Liebig  and  Wohler. 

AllantOin. — Allantoin  occurs  ready-formed  in  the  allantoic  liquid 
of  the  foetal  calf.  It  is  produced  artificially  by  boiling  together  water, 
uric  acid,  and  pure,  freshly-prepared  binoxide  of  lead;  the  filtered 
liquid,  duly  concentrated  by  evaporation,  deposits  crystals  of  allantoin 
on  cooling,  which  are  purified  by  re-solution  and  the  use  of  animal 
charcoal.  It  forms  small  but  most  brilliant  prismatic  crvstals,  which 
are  transparent  and  colourless,  destitute  of  tiiste,  and  without  action 
on  vegetable  colours.  Allantoin  dissolves  in  160  parts  of  cold  water 
and  in  a  smaller  quantity  at  the  boiling  temperature.  It  is  decom- 
posed by  boiling  with  nitric  acid,  and  by  oil  of  vitriol  when  concen- 
trated and  hot,  being  in  this  case  resolved  into  ammonia,  carbonic 
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acid,  and  carbonic  oxide.  Heated  with  concentrated  solution  of  caustic 
alkalis,  it  is  decomposed  into  ammonia  and  oxalic  acid,  which  latter 
combines  with  the  base.  These  reactions  are  explained  by  the  analysis 
of  the  substance,  which  shows  it  to  be  composed  of  the  elements  of 
two  equivalents  of  oxalate  of  ammonia  minus  those  of  five  equiva- 
lents of  water,  or  C^HjN^Oj. 

The  production  of  allantoin  from  uric  acid  and  binoxide  of  lead  is 
also  perfectly  intelligible  ;  1  eq.  of  uric  acid,  2  eq.  of  oxygen  from  the 
binoxide,  and  3  eq.  of  water,  contain  the  elements  of  allantoin,  2  eq. 
of  oxalic  acid,  and  1  eq.  of  urea. 

Cio^l4N406  +  20'l  _  /C,H3N,03+2CHO,C,03) 
+3H0       /  -  \  +C2H,N,02. 

The  insoluble  matter  from  which  the  solution  of  allantoin  is  filtered 
consists  in  great  part  of  oxalate  of  lead ;  and  the  mother-liquor  from 
which  the  ciystals  of  allantoin  have  separated,  yields,  on  farther  evapo- 
ration, a  large  quantity  of  pure  urea. 

Alloxan. — This  is  the  characteristic  product  of  the  action  of  con- 
centrated nitric  acid  on  uric  acid  in  the  cold.  An  acid  is  prepared,  of 
sp.  gr.  1*45,  or  thereabouts,  and  placed  in  a  shallow  open  basin  :  into 
this  a  third  of  its  weight  of  dry  uric  acid  is  thrown,  by  small  portions, 
with  constant  agitation,  care  being  taken  that  the  temperature  never 
rises  to  any  considerable  extent.  The  uric  acid  at  first  dissolves  with 
copious  effervescence  of  carbonic  acid  and  nitrogen,  and  eventually, 
the  whole  becomes  a  mass  of  white,  crystalline,  pasty  matter.  This  is 
left  to  stand  some  hours,  drained  from  the  acid  liquid  in  a  funnel 
whose  neck  is  stopped  with  powder  and  fragments  of  glass,  and  after- 
wards more  effectually  dried  upon  a  porous  tilS.  This  is  alloxan  in  a 
crude  state ;  it  is  purified  by  solution  in  a  small  quantity  of  water,  and 
crystallization. 

Alloxan  crystallizes  with  facility  from  a  hot  and  concentrated  solu- 
tion, slowly  suffered  to  cool,  in  solid,  hard,  anhydrous  crystals  of  great 
regularity,  which  are  transparent,  nearly  colourless,  have  a  high  degree 
of  lustre,  and  the  figure  of  a  modified  rhombic  octahedron.  A  cold 
solution,  on  the  other  hand,  left  to  evaporate  spontaneously,  deposits 
large  foliated  crystals,  which  contain  6  eq.  of  water  ;  they  effloresce 
rapidly  in  the  air.  Alloxan  is  very  soluble  in  water;  the  solution  has 
an  acid  reaction,  a  disagreeably  astringent  taste,  and  stains  the  skin, 
after  a  time,  red  or  purple.  It  is  decomposed  by  alkalis,  and  both 
by  oxidizing  and  deoxidizing  agents ;  its  most  characteristic  property 
is"  that  of  forming  a  deep-blue  compound  with  a  salt  of  protoxide  of 
iron  and  an  alkali. 

Alloxan  contains  CeH^NjOjo;  its  production  is  thus  illustrated: 
1  eq.  of  uric  acid,  4  eq.  of  water,  and  2  eq.  of  nitric  acid  contain  the 
elements  of  alloxan,  2  eq.  carbonic  acid,  2  eq.  of  free  nitroge:i,  and 
1  eq.  of  nitrate  of  ammonia. 
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When  to  a  solution  of  alloxan,  heated  to  140°  (60°C),  bai-yta-water 
is  added,  as  long  as  the  precipitate  first  produced  re-dissolves,  and  the 
filtered  solution  is  then  left  to  cool,  a  substance  is  deposited  in  small, 
colourless,  pearly  crystals,  which  consists  of  baryta  in  combination 
with  a  new  acid,  the  alloxanic.  From  this  salt  the  base  may  be  sepa- 
rated by  the  cautious  addition  of  dilute  sulphuric  acid :  the  filtered 
liquid  by  gentle  evaporation  yields  alloxanic  acid  in  small  radiated 
needles.  It  has  an  acid  taste  and  reaction,  decomposes  carbonates,  and 
dissolves  zinc  with  disengagement  of  hydrogen.  It  is  a  bibasic  acid, 
and  contains  in  the  hydr-ated  state  CgH^NjOgjQHO ;  hence  it  is  iso- 
meric with  alloxan.  The  alloxanates  of  the  alkalis  are  freely  soluble  ; 
those  of  the  earths  dissolve  in  a  large  quantity  of  tepid  water,  and  that 
of  silver  is  quite  insoluble  and  anhydrous. 

If  a  warm  satm-ated  solution  of  alloxanate  of  baryta  be  heated  to 
ebullition,  a  precipitate  falls,  which  is  a  mixture  of  carbonate  and 
alloxanate  of  baryta,  with  an  insoluble  salt  of  a  second  new  acid,  the 
mesoxalic ;  the  solution  is  found  to  contain  unaltered  alloxanate  of 
baryta  and  urea.  Mesoxalic  acid  is  best  prepai'ed  by  slowly  addin"' 
solution  of  alloxan  to  a  boiling-hot  solution  of  acetate  of  lead :  the 
heavy  granular  precipitate  of  mesoxalate  of  lead  thus  produced  is 
washed  and  decomposed  by  sulphuretted  hydrogen  ;  urea  is  also  formed 
in  this  experiment.  Hydi-ate  of  mesoxalic  acid  is  crystallizable ;  it 
has  a  sour  taste  and  powerfully  acid  reaction,  and  resists  a  boiling 
heat ;  it  forms  sparingly  soluble  salts  with  baryta  and  lime,  and  a 
yellowish  insoluble  compound  with  oxide  of  silver,  which  is  reduced 
with  effervescence  when  gently  heated.  This  remarkable  acid  con- 
tains as  hydrate  C30^,2HO,  and  is  consequently  bibasic ;  it  is 
formed  by  the  re-solution  of  alloxan  into  urea,  and  2  eq.  of  mesoxalic 
acid : — 

CgH^N^Oio-l-  4H0  =  C^H^NjOa  -|-2(2H0,C30  J. 
When  ammonia  in  excess  is  added  to  a  solution  of  alloxan,  the 
whole  heated  to  ebullition,  and  afterwards  supersaturated  with  dilute 
sulphuric  acid,  a  yellow,  light  precipitate  falls,  which  increases 
in  quantity  as  the  liquid  cools.  This  is  mykomelinic  acid;  it  is 
but  feebly  soluble  in  water,  easily  dissolved  by  alkalis,  and 
forms  a  yellow  compound  with  oxide  of  silver.  Mykomelinic 
acid  contains  CaHjN^Os  ;  it  is  produced  by  the  conversion  of 
alloxan  and  2  eq.  of  ammonia  into  1  eq.  of  mykomelinic  acid  and 
5  eq.  of  water. 

Parabanic  acid.— This  is  the  characteristic  product  of  the  action 
of  moderately  strong  nitric  acid  on  uric  acid  or  alloxan,  hy  the  aid  of 
heat  ;  it  is  conveniently  prepared  by  heating  together  1  part  of  uric 
acid  and  8  parts  of  nitric  acid  until  the  reaction  has  neariv  ceased  • 
the  liquid  is  evaporated  to  a  syrupy  state,  and  left  to  cool  •'  the  -icid 
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IS  draaned  from  the  mother-liquor  and  pui-ified  by  re-crystallization. 
Farabamc  acid  forms  beautiful  colourless,  transparent,  thin,  prismatic 
crystals,  which  are  permanent  in  the  air  ;  it  is  easily  soluble  in  water, 
has  a  pure  and  powerfully  acid  taste,  and  reddens  litmus  strono-ly! 
Neutralized  with  ammonia,  and  mixed  with  nitrate  of  silver,  it  gfves 
a  white  precipitate.  Crystallized  parabanic  acid  contains  CgNgO^, 
2H0  ;  its  production  is  thus  explained:  1  eq.  of  uric  acid,  4  eq.  of 
water,  and  4  eq.  of  oxygen  from  the  nitric  acid,  yield  1  eq.  of  para- 
banic acid,  4  eq.  of  carbonic  acid,  and  2  eq.  of  ammonia ;  or,  alloxan 
and  2  additional  equivalents  of  oxygen  furnish  1  eq.  of  parabanic  acid, 
2  eq.  of  carbonic  acid,  and  2  eq.  of  water. 

The  alkaline  parabanates  undergo  a  singular  change  by  exposure  to 
heat ;  if  a  solution  of  the  acid  be  saturated  with  ammonia,  boiled  for 
a  moment,  and  then  left  to  cool,  a  substance  separates  in  tufts  of 
beautiful  colourless  needles ;  this  is  the  ammonia-salt  of  an  acid  called 
the  oxaluric.  The  hyd  rated  acid  is  procured  by  adding  an  excess  of 
dilute  sulphuric  acid  to  a  hot  and  strong  solution  of  oxalurate  of  am- 
monia, and  cooling  the  whole  rapidly.  It  forms  a  white,  crystaUine 
powder,  of  acid  taste  and  reaction,  capable  of  combining  with  bases  : 
the  salts  of  baryta  and  lime  are  spai-ingly  soluble  ;  that  of  silver  ciys- 
tallizes  from  the  mixed  hot  solution  of  nitrate  of  silver  and  oxalurate 
of  ammonia  in  long,  silky  needles.  Oxaluric  acid  is  composed  of 
CgHgNjO^.HO  ;  or  the  elements  of  1  eq.  of  parabanic  acid,  and  2 
eq.  of  water.  A  solution  of  oxaluric  acid  is  resolved  by  ebullition 
into  free  oxalic  acid  and  oxalate  of  urea. 

Thionuric  acid. — A  cold  solution  of  alloxan  is  mixed  with  a 
satui-ated  solution  of  sulphurous  acid  in  water,  in  such  quantity  that 
the  odour  of  the  gas  remains  quite  distinct ;  an  excess  of  carbonate  of 
ammonia  mixed  with  a  little  caustic  ammonia  is  then  added,  and  the 
whole  boiled  for  a  few  minutes.  On  cooling,  thiormrate  of  ammonia  is 
deposited  in  great  abundance,  forming  beautiful  colourless,  crystalline 
plates,  which  by  solution  in  water  and  re-crystallization  acquire  a  fine 
pink  tint.  A  solution  of  this  salt  gives  with  acetate  of  lead  a  precipi- 
tate of  insoluble  thionurate  of  the  oxide  of  that  metal,  which  is  at  first 
white  and  gelatinous,  but  shoi'tly  becomes  dense  and  crystalline ;  from 
this  compound  the  hydi'ated  acid  may  be  obtained  by  the  aid  of  sul- 
phuretted hydrogen.  It  forms  a  white,  crystalline  mass,  permanent 
in  the  air,  very  soluble  in  water,  of  acid  taste  and  reaction,  and  ca- 
pable of  combining  directly  with  bases.  When  its  solution  is  heated  to 
the  boiling-point  it  vmdergoes  decomposition,  yielding  sulphuric  acid 
and  a  very  peculiar  and  nearly  insoluble  substance,  called  w-amile. 
Thionuric  acid  is  bibasic ;  the  hydrate  contains  CjH5N3S.^O|2,2HO ; 
or  the  elements  of  alloxan,  an  equivalent  of  ammonia,  and  2  eq.  of 
sulphurous  acid. 

Ueamile. — The  product  of  the  decomposition  by  heat  of  hydrated 
thionuric-  acid.  Thionurate  of  ammonia  is  dissolved  in  hot  water, 
mixed  with  a  small  excess  of  hydrochloric  acid,  and  the  whole  boiled 
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in  a  flask  ;  a  white,  crystalline  substance  begins  in  a  few  moments 
to  separate,  which  increases  in  quantity  until  the  contents  of  the 
vessel  often  become  semi-solid :  this  is  uramile.  After  cooling,  it  is 
collected  on  a  filter,  washed  with  cold  water  to  remove  the  sulphuric 
acid,  and  dried  by  gentle  heat,  during  which  it  frequently  becomes 
pinkish.  E.\amiued  by  a  lens,  it  is  seen  to  consist  of  minute  acicular 
crystals.  It  is  tasteless  and  nearly  insoluble  in  water,  but  dissolves 
in  ammonia  and  the  fixed  alkalis.  The  ammoniacal  solution  becomes 
purple  iu  the  air.  It  is  decomposed  by  strong  nitric  acid,  alloxan 
and  nitrate  of  ammonia  being  generated.  Uramile  contains  CgHj 
NjOg ;  or  thionuric  acid  minus  the  elements  of  2  eq.  of  sulphuric 
acid. 

Ukamilic  acid. — When  a  cold  saturated  solution  of  thionurate  of 
ammonia  is  mixed  with  dilute  sulphuric  acid,  and  evaporated  in  a 
water-bath,  instead  of  uramile,  another  substance,  uramilic  acid,  is 
formed  and  deposited  in  slender,  colourless  prisms,  soluble  in  8  parts 
of  cold  water.  Uramilic  acid  dissolves  in  concentrated  sulphuric  acid 
without  apparent  decomposition  ;  it  has  a  feebly  acid  taste  and  reac- 
tion, and  combines  with  bases.  The  salts  of  the  alkalis  are  easily  so- 
luble; those  of  the  earths  much  less  so,  and  that  of  the  oxide  of  silver 
is  insoluble.  Uramilic  acid  contains  CigHjoNjOjg ;  2  eq.  of  uramile 
and  3  eq.  of  water  contain  the  elements  of  uramilic  acid  and  1  eq.  of 
ammonia.    It  is  a  substance  difficult  of  preparation. 

Alloxantin. — This  is  the  chief  product  of  the  action  of  hot  dilute 
nitric  acid  upon  muc  acid :  the  surest  and  best  method  of  preparing 
it,  however,  is  by  passing  a  stream  of  sulphuretted  hydi'ogen  gas 
thi'ough  a  moderately-strong  and  cold  solution  of  alloxan.  The  im- 
pure mother-liquor  from  which  the  crystals  of  alloxan  have  separated 
answers  the  pm-pose  perfectly  well ;  it  is  diluted  with  a  little  water, 
and  a  copious  stream  of  gas  transmitted  through  it.  Sulphur  is  de- 
posited in  large  quantity,  mixed  with  a  white,  crystalline  substance, 
which  is  the  alloxantin.  The  product  is  drained  upon  a  filter, 
slightly  washed,  and  then  boiled  in  water :  the  filtered  solution 
deposits  the  alloxantin  on  cooling.  Alloxantin  forms  small,  four- 
sided,  oblique  rhombic  prisms,  colouiless  and  transparent ;  it  is  solu- 
ble with  difficulty  in  cold  water,  but  more  freely  at  a  boiling  tem- 
perature. The  solution  reddens  litmus,  gives  with  baryta-water  a 
violet-coloured  precipitate,  which  disappears  on  heating,  and  when 
mixed  with  nitrate  of  silver  produces  a  black  precipitate  of  metallic 
silver.  Heated  with  chlorine  or  nitric  acid,  it  is  changed  by  oxidation 
to  alloxan.  The  crystals  become  red  when  exposed  to  ammoniacal 
vapours.  Alloxantin  contains  CgH^NaOio ;  or  alloxan  plus  1  equiva- 
lent of  hydrogen. 

This  substance  is  readily  decomposed :  when  a  stream  of  sulphu- 
retted hydrogen  is  passed  through  a  boiling  solution,  sulphur  is 
deposited  and  an  acid  liquid  produced,  supposed  to  contain  a  new  acid, 
to  which  the  term  dialuric  is  applied.    When  neutralized  by  ammonia 


544 


URIC  ACID  AKD  ITS  PRODUCTS. 


it  yields  a  salt  which  crystallizes  in  colourless,  silky  needles,  con- 
taining NH^O.CgNjO^  +  SHO.  They  become  deep-red  when  heated 
to  212°  (100°C)  in  the  air.  A  hot  saturated  solution  of  alloxantin 
mixed  with  a  neutral  salt  of  ammonia  instantly  assumes  a  puiple 
colour,  which  however  quickly  vanishes,  and  the  liquid  becomes 
turbid  from  the  foi-mation  of  uramile ;  the  liquid  is  then  found  to 
contain  alloxan  and  free  acid.  With  oxide  of  silver  alloxantin  dis- 
engages carbonic  acid,  reduces  a  portion  of  the  metal,  and  converts 
the  remainder  of  the  oxide  into  oxalurate.  Boiled  with  water  and 
binoxide  of  lead,  alloxantin  gives  urea  and  carbonate  of  lead. 

MUREXIDE  ;    PURPURATE  OF  AMMONIA  OF  Dr.  PrOOT. — There 

are  several  different  methods  of  preparing  this  magnificent  compound. 
It  may  be  made  directly  from  uric  acid,  by  dissolving  that  substance 
in  dilute  nitric  acid,  evaporating  to  a  certain  point,  and  then  adding 
to  the  warm,  but  not  boiling  liquid,  a  very  slight  excess  of  ammonia. 
In  this  experiment  alloxantin  is  first  produced,  which  becomes  after- 
wards partially  converted  into  alloxan  ;  the  presence  of  both  is  requi- 
site to  the  production  of  murexide.  This  process  is,  however,  very 
precarious,  and  often  fails  altogether.  An  excellent  method  is  to  hoil 
for  a  few  minutes  in  a  flask  a  mixture  of  1  part  of  dry  uramile,  1 
part  of  red  oxide  of  mercury,  and  40  parts  of  water,  to  which  two 
or  three  drops  of  ammonia  have  been  added  ;  the  whole  assumes  in  a 
short  space  of  time  an  intensely-deep  purple  tint,  and  when  filtered 
boiling-hot,  deposits,  on  cooling,  splendid  crystals  of  murexide,  un- 
mixed with  any  impuritv.  A  third,  and  perhaps  even  still  better 
process  is  that  of  l)r.  Gregory :  7  parts  of  alloxan  and  4  parts  of 
alloxantin  are  dissolved  in  240  parts  of  boiling-water,  and  the  solu- 
tion added  to  about  80  parts  of  cold,  strong  solution  of  carbonate  of 
ammonia ;  the  liquid  instantly  acquires  such  a  depth  of  colour  as  to 
become  opaque,  and  gives  on  cooling  a  large  quantity  of  murexide  ; 
the  operation  succeeds  best  on  a  small  scale. 

Murexide*  crystallizes  in  small  square  prisms,  wliich  by  reflected 
light  exhibit  a  splendid  green  metallic  lustre,  like  that  of  the  wing- 
cases  of  the  rose-beetle  and  other  insects  :  by  transmitted  light  they 
are  deep  purple-red.  It  is  soluble  with  difficulty  in  cold  water,  much 
more  easily  at  a  boiling  temperature,  and  is  insoluble  in  alcohol  and 
ether.  Mineral  acids  decompose  it  with  separation  of  murexan,  and 
caustic  potassa  dissolves  it,  with  production  of  a  most  magnificent  pur- 
ple colour,  which  disappears  when  the  solution  is  boiled.  Murexide 
contains,  according  to  Liebig  and  Wohler,  Cj^HgNjOj;  its  production 
may  be  thus  explained : — 2  eq.  of  uramile  and  3  eq.  of  oxygen  from 
the  protoxide  of  mercury  give  rise  to  murexide,  1  eq.  of  alloxanic 
acid,  and  2  eq.  of  water. 

2C,H,H30,  +  30  =  C.sH.NjO,  +  C,HXO„HO  +  2H0. 

*  So  called  from  the  Tyrian  dye,  said  to  have  been  prepared  from  a  species 
of  murex.  a  shell-fish. 
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Or,  on  the  other  hand,  1  eq.  of  alloxan,  2  eq.  of  alloxantin,  and  4  eq. 
of  ammonia,  yield  2  eq.  of  mureside  and  14  eq,  of  water, 

C,H,N,0,o+  2C,H3N„0,o  +4NH3  =  2G,,B,^fi,  +14H0. 

MuREXAN ;  PURPURIC  ACID  OF  Dr.  Prout.— Liebig  directs  this 
substance  to  be  prepared  by  dissolving  murexide  in  caustic  potassa, 
heating  the  liquid  until  the  colour  disappears,  and  then  adding  an 
excess°of  dilute  sulphuiic  acid.  It  separates  in  colourless  or  slightly 
yellowish  scales,  nearly  insoluble  in  cold  water.  In  ammonia  it  dis- 
solves, and  the  solution  acquires  a  purple  colour  by  exposure  to  the 
air,  the  murexide  being  then  produced.  Murexan  is  said  to  contain 
CgH^N^Oj.  This  substance  and  its  relation  to  murexide  require  re- 
examination. 

A  series  of  substances  closely  related  to  the  derivatives  of  uric 
acid,  will  be  noticed  under  the  head  of  Caffeine  (see  page  556). 

Connected  with  uric  acid  by  similarity  of  origin,  but  not  otherwise, 
are  two  curious  and  exceedingly  rare  substances  called  xantMc  oxide 
and  cystic  oxide. 

Xanthic  oxide  was  discovered  by  Dr,  Marcet:  it  occurs  as  an 
urinary  calculus,  of  pale-brown  colour,  foliated  texture,  and  wa.\y 
lustre,  and  is  extracted  by  boiling  the  pulverized  stone  in  dilute 
caustic  potassa  and  precipitating  by  carbonic  acid.  The  xanthic 
oxide  falls  as  a  white  precipitate,  which,  on  drying,  becomes  pale 
yellow,  and  resembles  wax  when  rubbed.  It  is  nearly  insoluble  in 
water  and  dilute  acids.  Its  characteristic  property  is  to  dissolve 
without  evolution  of  gas  in  nitric  acid,  and  to  give  on  evaporation  a 
'  deep-yellow  residue,  which  becomes  yellowish-red  on  the  addition  of 
ammonia  or  solution  of  potassa.    Xanthic  oxide  gives  on  analysis 

Cystic  oxide. —  Cystic  oxide  calculi,  although  very  rare,  are  mor 
frequently  met  with  than  those  of  the  preceding  substance :  they 
have  a  pale  colour,  a  concentric  structure,  and  often  a  waxy  extei'nal 
crust.  The  powdered  calculus  dissolves  in  great  part  without  effer- 
vescence in  dilute  acids  and  alkalis,  including  ammonia ;  the  amm'o- 
niacal  solution  deposits,  by  spontaneous  evaporation,  small  but  beau- 
tifully colourless  crystals,  which  have  the  form  of  six-sided  prisms 
and  square  tables.  It  forms  a  saline  compound  with  hydrochloric 
acid.  Caustic  alkalis  disengage  ammonia  from  this  substance  by  con- 
tinued ebullition.  Cystic  oxide  contains  sulphur ;  it  is  composed  of 
CgHgNS.O,. 


Uric  acid  is  perfectly  well  characterized,  even  when  in  very  small 
quantity,  by  its  behaviour  with  nitric  acid.  A  small  portion  heated 
with  a  drop  or  two  of  nitric  acid  in  a  small  porcelain  capsule  dissolves 
with  copious  effervescence.  When  this  solution  is  cautiously  evapo- 
rated nearly  to  dryness,  and,  after  the  addition  of  a  little  water 
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mixed  with  a  slight  excess  of  ammonia,  the  deep-ved  tint  of  murexide 
is  immediately  produced. 

Impui-e  uric  acid,  in  a  remarkable  state  of  decomposition,  is  now 
imported  into  this  countiy,  in  large  quantities,  for  use  as  a  manure, 
under  the  name  of  guano  or  huano.  It  comes  from  the  barren  and 
uninhabited  islets  of  the  western  coast  of  South  America,  and  is  the 
production  of  the  countless  birds  that  dwell  undisturbed  in  those 
regions.  The  people  of  Peru  have  used  it  for  ages.  Guano  usually 
appears  as  a  pale-brown  powder,  sometimes  with  whitish  specks ;  it 
has  an  extremely  offensive  odour,  the  strength  of  which,  however, 
varies  very  much.  It  is  soluble  in  great  part  in  water,  and  the  solu- 
tion is  found  to  be  extremely  rich  in  oxalate  of  ammonia,  the  acid 
having  been  generated  by  a  process  of  oxidation.  Guano  also  con- 
tains a  peculiai-  substance  called  guanine,  which  closely  cones{)onds 
with  xanthic  oxide.  Like  urea  it  combines  with  acids  foiining  a 
series  of  crystallizable  salts.    Guanine  contains  CiqHjNjO.j. 
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THE  VEGETO-ALKALIS. 


The  vegeto-alkcalis,  alkaloids,  or  organic  bases,  constitute  a  remark- 
able and  most  interesting  group  of'  bodies  :  they  are  met  with  in 
various  plants,  always  in  combination  with  an  acid,  which  is  in  many 
cases  of  peculiar  nature,  not  occurring  elsewhere  in  the  vegetable 
kingdom.  They  arc,  for  the  most  part,  sparingly  soluble  in  water, 
but  dissolve  in  hot  alcohol,  from  which  they  often  crystallize  in  a 
verv  beautiful  manner  on  cooling.  Several  of  them,  however,  are 
oily,  volatile  liquids.  The  taste  of  these  substances,  when  in  solution, 
is  usually  intensely  bitter,  and  their  action  upon  the  animal  economy 
exceedingly  energetic.  They  all  contain  a  considerable  quantity  of 
nitrogen,  and  are  veiy  complicated  in  constitution,  having  high  com- 
bining numbers.    This  class  of  bodies  is  very  numerous. 

None  of  the  organic  bases  occurring  in  plants  have  yet  been  formed 
by  artificial  means  ;  analogous  substances  have,  however,  been  thus 
produced. 

Morphine,  or  morphia. — This  is  the  chief  active  principle  of 
opium ;  it  is  the  best  and  most  chai'acteristic  type  of  the  group,  and 
the  earliest  known,  dating  back  to  the  year  1803, 

Opium,  the  inspissated  juice  of  the  poppy-capsule,  is  a  very  com- 
plicated substance,  containing  besides  morphine  a  host  of  other  alka- 
loids in  very  variable  quantities,  combined  with  sulphuric  acid  and 
an  organic  acid  called  meoonic  acid.  In  addition  to  these,  there  are 
gummy,  resinous,  and  colouring  matters,  caoutchouc,  &c.,  besides 
mechanical  impurities,  as  chopped  leaves.  The  opium  of  Turkev  is 
the  most  valuable,  and  contains  the  largest  quantity  of  moi^phine ; 
that  of  Egypt  and  of  India  are  considerably  inferior.  It  has  been 
produced  in  England  of  the  finest  quality,  but  at  great  cost. 

If  ammonia  be  added  to  a  clear,  aqueous  infusion  of  opium,  a  very 
abundant  bufi'-coloured  or  brownish-white  pi-ecipitate  falls,  which  con- 
sists principally  of  morphine  and  narcotine,  rendei'ed  insoluble  by  the 
withdrawal  of  the  acid.  The  product  is  too  impui'e,  however,  for  use. 
The  chief  difficulty  in  the  preparation  of  these  substances  is  to  get  rid 
of  the  colouring  matter,  which  adheres  with  great  obstinacy,  re- 
dissolving  with  the  precipitates,  and  being  again  in  part  thrown  down 
when  the  solutions  are  saturated  with  an  alkali.  The  following 
method,  which  succeeds  well  upon  a  small  scale,  will  serve  to  give  the 
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student  some  idea  of  a  process  very  commonly  pursued  when  it  is  de- 
sired to  isolate  at  once  an  insoluble  organic  base,  and  the  acid  with 
which  it  is  in  combination  : — A  filtered  solution  of  opium  in  tepid 
water  is  mixed  witli  acetate  of  lead  in  excess ;  the  precipitated  meco- 
nate  of  lead  is  separated  by  a  filter,  and  through  the  solution  contain- 
ing acetate  of  morphine,  now  freed  to  a  considei-able  extent  from 
colour,  a  stream  of  sulphuretted  hydrogen  is  passed.  The  filtered 
and  nearly-colourless  liquid,  from  which  the  lead  has  been  thus  re- 
moved, may  be  warmed  to  expel  the  excess  of  gas,  once  more  filtered, 
and  then  mixed  with  a  slight  excess  of  caustic  ammonia,  which 
throws  down  the  morphine  and  narcotine  :  these  may  be  separated 
by  boiling  ether,  in  which  the  latter  is  soluble.  The  meconate  of 
lead,  well  washed,  suspended  in  water,  and  decomposed  by  sulphu- 
retted hydrogen,  yields  solution  of  meconic  acid. 

Morphine  and  its  s;ilts  are  advantageously  prepared,  on  the  large 
scale,  by  the  process  of  Dr.  Gregory,  A  strong  infusion  of  opium  is 
mixed  with  a  solution  of  chloride  of  calcium,  free  from  iron  ;  meconate 
of  lime,  which  is  nearly  insoluble,  separates,  while  the  hydrochloric 
acid  is  transferred  to  the  alkaloids.  By  duly  concentrating  the  filtered 
solution,  the  hydrochlorate  of  morphine  may  be  made  to  crystallize, 
while  the  narcotine,  and  other  bodies,  are  left  behind.  Repeated  re- 
crystallization,  and  the  use  of  animal  charcoal,  then  suffice  to  whiten 
and  purify  the  salt,  from  which  the  base  may  be  precipitated  in  a 
pure  state  by  ammonia.  Other  processes  have  been  proposed,  as  that 
of  M.  Thiboume'ry,  which  consists  in  adding  hydrate  of  lime  in  excess 
to  an  infusion  of  opium,  by  which  the  meconic  acid  is  rendered  in- 
soluble, while  the  morphine  is  taken  up  with  ease  by  the  alkaline 
earth.  By  exactly  neutralizing  the  filtered  solution  with  hydrochloric 
acid,  the  morphine  is  precipitated,  but  in  a  somewhat  coloured  state. 

Morphine,  when  crystallized  from  alcohol,  forms  small  but  very 
brilliant  prismatic  crystals,  which  are  transparent  and  colom-less.  It 
I'equires  at  least  1000  parts  of  water  for  solution,  tastes  slightly  bitter, 
and  has  an  alkaline  reaction.  These  effects  ;ire  much  more  evident 
in  the  alcoholic  solution.  It  dissolves  in  about  30  parts  of  boiling 
alcohol,  and  with  great  facility  in  dilute  acids  ;  it  is  also  dissolved  by 
excess  of  caustic  potassa  or  soda,  but  scarcely  by  excess  of  ammonia. 
When  heated  in  the  air,  morphine  melts,  inflames  like  a  resin,  and 
leaves  a  small  quantity  of  charcoal,  which  easily  burns  away. 

Morphine  in  povVder,  strikes  a  deep-bluish  colour  with  neutral 
salts  of  sesquioxide  of  iron,  decomposes  iodic  acid  with  liberation  of 
iodine,  and  forms  a  deep-yellow  or  red  compound  with  nitric  acid  : 
these  reactions  are  by  some  considered  characteristic. 

Crystallized  morphine  contains  C34Hi9NOe-)-2HO. 

The  most  characteristic  and  best-defined  salt  of  this  substance  is 
the  hydrochlorate.  It  crystallizes  in  slender,  colourless  needles,  ar- 
ranged in  tufts  or  stellated  groups,  soluble  in  about  20  parts  of  cold 
water,  and  in  its  own  weight  at  a  boiling  temperature.    The  crystals 
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contain  6  eq.  of  water.  The  sulphate,  nitrate,  and  phosphate  are 
crystallizable  salts ;  the  acetate  crystallizes  with  great  ditficulty,  and 
is  usually  sold  in  the  state  of  a  dry  powder.  The  artificial  meconate 
is  sometimes  prepared  for  medicinal  use. 

Narcotine. — The  marc,  or  insoluble  portion  of  opium,  contains 
much  narcotine,  which  may  be  extracted  by  boiling  with  dilute  acetic 
acid.  From  the  filtered  solution  the  narcotine  is  precipitated  by  am- 
monia, and  afterwards  purified  by  solution  in  boiling  alcohol,  and  fil- 
tration through  animal  charcoal.  Narcotine  crystallizes  in  small, 
colourless  brilliant  prisms,  which  are  nearly  insoluble  in  water.  The 
basic  powers  of  narcotine  are  very  feeble  ;  it  is  destitute  of  alkaline 
reaction,  and,  although  freely  soluble  in  acids,  refuses,  for  the  most 
part,  to  form  with  them  crystallizable  compoimds. 

According  to  Dr.  Blyth  narcotine  contains  C4gH25N0i4. 

Narcotine  yields  some  curious  products  by  the  action  of  oxidizing 
agents,  as  a  mixture  of  dilute  sulphuric  acid  and  binoxide  of  man- 
ganese, or  a  hot  solution  of  bichloride  of  platinum.  They  have  been 
chiefly  studied  by  Wohler  and  Blyth,  and  lately  also  by  Anderson. 
The  most  important  of  these  is  opiunic  acid,  a  substance  forming 
colourless,  prismatic,  reticulated  crystals,  sparingly  soluble  in  cold 
water,  easily  in  hot.  It  melts  when  heated,  but  does  not  sublime. 
After  fusion  it  becomes  quite  insoluble  in  dilute  alkalis,  but  without 
change  of  composition.  This  acid  foims  crystallizable  salts  and  an 
ether ;  it  contains  CaoHgOgjHO.  The  ammonia-salt,  by  evaporation 
to  dryness,  yields  a  nearly-white  insoluble  powder,  called  opiammon, 
containing  C4oHi!)NOig,  convertible  by  strong  acids  into  opianic  acid 
and  ammonia.  Sulphurous  acid  yields  with  opianic  acid  two  pro- 
ducts containing  sulphur.  A  mixture  of  binoxide  of  lead,  opianic 
acid,  and  sulphuric  acid,  gives  rise  to  a  crystallizable  bibasic  acid 
termed  hemipinic  acid,  containing  C2oH80io,2HO.  A  basic  sub- 
stance, cotarnine,  CgGHjgNOg,  is  contained  in  the  mother-liquor 
from  which  opianic  acid  has  crystallized ;  it  forms  a  yellow  crystal- 
line mass,  very  soluble,  of  bitter  taste,  and  feebly  alkaline  reaction. 
Its  hydrochlorate  is  a  well-defined  salt.  Another  basic  substance, 
narcogenine,  was  accidentally  produced  in  an  attempt  to  prepare 
cotarnine  by  bichloride  of  platinum.  It  formed  long  orange-coloured 
needles,  and  contained  CggHigNOip. 

Codeine. — Hydrochlorate  of  moi-phine,  prepared  directly  from 
opium  as  in  Gregory's  process,  contains  codeine-salt.  When  dis- 
solved in  water,  and  mixed  with  a  slight  excess  of  ammonia,  the 
morphine  is  precipitated,  and  the  codeine  left  in  solution.  Pure 
codeine  crystallizes,  by  spontaneous  evaporation,  in  colourless  trans- 
parent octahedra;  it  is  soluble  in  80  parts  of  cold,  and  17  of  boil- 
ing water,  has  a  strongly  alkaline  reaction,  and  forms  crystallizable 
salts. 

Codeine  is  composed  of  CggHgiNOg.  This  base  has  lately  been  the 
subject  of  a  careful  investigation  by  Dr.  Anderson,  who  has  prepared 
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a  great  number  of  its  derivatives,  all  of  which  establish  the  formula 
given. 

Thebaine  or  paramorphine. — This  substance  is  contained  in  the 
precipitate  formed  by  hydrate  of  lime  in  a  strong  infusion  of  opium  in 
Thiboumery's  process  for  morphine.  The  precipitate  is  well  washed, 
dissolved  in  dilute  acid,  and  mixed  with  ammonia  in  excess,  and  the 
thebaine  thrown  down  crystallized  from  alcohol.  It  forms  when  pure 
colourless  needles  like  those  of  narcotine,  but  sparingly  soluble  in 
water,  readily  soluble  in  the  cold  in  alcohol  and  ether.  It  melts 
when  heated,  and  decomposes  at  a  high  temperature.  With  dilute 
acid  it  forms  crystallizable  compounds,  and  when  isolated  and  in 
solution  has  a  powerfully  alkaline  reaction.  The  composition  of  the- 
baine is  C38H2,N0g. 

A  series  of  other  bases,  pseudo-morphine,  narceine,  meconine, 
papaverine,  opianine,  and  porphi/roxine,  are  also,  at  least  occasion- 
ally, contained  in  opium  ;  they  are  of  small  importance,  and  compa- 
ratively little  is  known  respecting  them. 

Meconic  acid  is  obtained  from  the  impure  meconate  of  lead,  as  al- 
ready mentioned.  The  solution  is  evaporated  in  the  vacuum  of  the 
air-pump,  A  more  advantageous  method  is  to  decompose  the  impure 
meconate  of  lime,  obtained  in  Dr.  Gregory's  morphine-process,  by  warm 
dilute  hydrochloric  acid  ;  to  separate  the  crystals  of  acid  meconate 
of  lime,  which  form  on  cooling,  and  to  repeat  this  operation  until  the 
whole  of  the  base  has  been  removed,  which  may  be  known  by  the 
acid  being  entirely  combustible,  without  residue,  when  heated  in  the 
flame  of  a  spirit-lamp  upon  platinum  foil.  It  is  with  the  greatest 
difficulty  obtained  free  fi'om  colour. 

Meconic  acid  crystallizes  in  little  colourless,  pearly  scales,  which 
dissolve  in  4  parts  of  hot  water.  It  has  an  acid  taste  and  reaction, 
forms  soluble  compounds  with  the  alkalis,  and  insoluble  salts  with 
lime,  baryta,  and  the  oxides  of  lead  and  silver.  The  most  remarkable 
feature  of  this  substance  is  its  property  of  striking  a  deep  blood-red 
colour  with  a  salt  of  the  sesquioxide  of  iron,  exactly  resembling  that 
developed,  under  similar  circumstances,  by  a  sulphocyanide.  The 
meconate  of  iron  may,  however,  be  distinguished  from  the  latter  com- 
pound, as  Mr.  Everitt  has  shown,  by  an  addition  of  corrosive  subli- 
mate, which  bleaches  the  sulphocyanide,  but  has  little  effect  upon  the 
meconate.  This  is  a  point  of  considerable  practical  importance,  as  in 
medico-legal  inquiries,  in  which  evidence  of  the  presence  of  opium  is 
sought  for  in  complex  organic  mixtures,  the  detection  of  meconic 
acid  is  usually  the  object  of  the  chemist ;  and  since  traces  of  alkaline 
sulphocyanide  are  to  be  found  in  the  saliva,  it  becomes  very  desir- 
able to  remove  that  source  of  error  and  ambiguity. 

Crystallized  meconic  acid  contains  Ci4HOu,3HO-|-6HO. 

When  a  solution  of  meconic  acid  in  water,  or,  still  better,  in  a  mi- 
neral acid,  is  boiled,  or  when  the  dry  acid  is  exposed  in  a  retort  to  a 
temperature  of  400°  (204°-5C),  it  is  decomposed,  yielding  a  new 
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bibasic  acid,  the  comenic,  containing  Ci^HaOajSHO,  whicli  much  re- 
sembles in  properties  meconic  acid.  Water  and  carbonic  acid  are  at 
the  same  time  evolved.  At  a  higher  temperature  comenic  acid  itself 
is  resolved  into  a  second  new  acid,  the  pyromeoonic,  which  sublimes, 
and  afterwards  condenses  in  brilliant  colourless  plates.  It  is  mono- 
basic, and  contains  CioHgOsjHO.  The  salts  of  meconic  acid  and 
comenic  acid,  together  with  several  derivatives  of  these  substances, 
have  been  lately  studied  by  Mr.  How,*  but  our  space  will  not  permit 
us  to  describe  these  compounds. 

An  acid  much  resembling  the  meconic  has  been  extracted  from  the 
CheUdonium  majas ;  it  is  combined  with  lime,  and  associated  with 
malic  and  fumaric  acids.  Chelidonic  acid  is  bibasic,  forming  three 
classes  of  salts,  and  a  pyro-acid  with  evolution  of  water  and  carbonic 
acid  when  exposed  to  a  high  temperature.  It  crystallizes  in  slender 
colourless  needles,  of  considerable  solubility,  containing  C^^H^^iq, 
2HO-I-3HO. 

CiNCHONiNE  AND  QDiNiNE. — It  is  to  these  vegeto-alkalis  that  the 
valuable  medicinal  properties  of  the  Peruvian  barks  are  due.  They 
are  associated  in  the  bark  with  sulphuric  acid,  and  with  a  special 
acid,  not  found  elsewhere,  called  the  kinic.  Cinchonine  is  contained 
in  largest  quantity  in  the  pale  bark,  or  Cinchona  condaminea ; 
quinine  in  the  yellow  bark,  or  Cinchona  cordifolia ;  the  Cinchona  i 
oblonjifolia  contains  both. 

The  simplest,  but  not  the  most  economical,  method  of  preparing 
these  substances,  is  to  add  a  slight  excess  of  hydrate  of  lime  to  a 
strong  decoction  of  the  ground  bark,  in  acidulated  water  ;  to  wash  the 
precipitate  which  ensues,  and  boil  it  in  alcohol.  The  solution,  filtered 
while  hot,  deposits  the  vegeto-alkali  on  cooling.  When  both  bases 
are  present,  they  may  be  separated  by  converting  them  into  sul- 
phates ;  the  salt  of  quinine  is  the  least  soluble  of  the  two,  and  crystal- 
lizes first. 

Pure  cinchonine,  or  cinchonia,  crystallizes  in  small,  but  beautifully 
brilliant,  transparent  four-sided  prisms.  It  is  but  very  feebly  soluble 
in  water,  dissolves  readily  in  boiling  alcohol,  and  has  but  little 
taste,  although  its  salts  are  excessively  bitter.  It  is  a  powerful  base, 
neutralizing  acids  completely,  and  forming  a  series  of  crystallizable 
salts.    Cinchonine  turns  the  plane  of  polarization  to  the  right. 

Quinine,  or  quina,  much  resembles  cinchonine  ;  it  does  not  crystal- 
lize so  well,  however,  and  is  much  more  soluble  in  water  ;  its  taste  is 
intensely  bitter.  Quinine  turns  the  plane  of  polai-izatiou  towards  the 
left. 

Cinchonine  is  composed  of       .    CgoHigNO,  and 
Quinine  of  .       .       .       .  CgoHi^NO^.t 
*  Chem.  See.  Quar.  Jour.   Vol.  iv.  page  363. 

t  Some  doubts  are  still  hanging  over  the  composition  of  cinchonine  and 
qumine.   According  to  M.  Laurent  these  substances  contain  respectively 
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Sulphate  of  quinine  is  manufactured  on  a  very  large  scale  for 
medicinal  use;  it  crystallizes  in  small  white  needles,  which  give  a 
neutral  solution.  Nevertheless,  this  substance  is  a  basic  salt  and 
contains  2C2oH,2N02,S03  +  8HO.  The  solubility  of  this  compound 
is  much  increased  by  the  addition  of  a  little  sulphuric  acid,  whereby 
the  neutral  salt  CaoHiaNOajSOg  +  SHO  is  formed.  A  very  interest- 
ing compound  htis  been  recently  produced  by  Dr.  Herapath,  by  the  action 
of  iodine  upon  the  sulphate  of  quinine.  It  is  a  crystalline  substance 
of  a  brilliant  emerald  colour,  which  appears  to  consist  of  1  eq.  of  the 
sulphate  of  quinine,  and  1  eq.  of  iodine.  This  remarkable  compound 
possesses  the  optical  properties  of  the  mineral  toui-maline,  (See 
page  64.) 

Quinidine. — In  manufacturing  sulphate  of  quinine,  a  new  base 
has  been  lately  obtained,  which  differs  from  quinine  in  some  of  its 
physical  properties,  but  is  said  to  have  the  same  composition  as 
quinine.  It  has  been  described  under  the  name  of  quinidine,  and 
appears  to  have  the  same  medicinal  properties,  as  quinine.  This  sub- 
stance has  lately  been  carefully  examined  by  M.  Pasteur,  and  his 
researches  have  led  to  the  following  interesting  results. 

The  substance  which  is  found  in  commerce  under  the  name  of 
quinidine  is  generally  a  mixture  of  two  alkaloids,  of  which  the  one  is 
isomeric  with  quinine,  and  the  other  isomeric  with  cinchonine. 
M.  Pasteur  designates  these  two  substances  respectively  as  quinidine 
and  cinchonidine.  They  differ  from  quinine  and  cinchonine  in  several 
minor  properties,  but  particularly  in  their  deportment  with  polarized 
light,  for  while  quinine  turns  the  plane  of  polarization  considerably 
towards  the  left,  quinidine  exerts  a  powerful  action  towards  the  right. 
Again,  while  cinchonine  deflects  considerably  towards  the  right,  the 
action  of  the  isomeric  cinchonidine  is  in  the  opposite  direction,  namely, 
towards  the  left.  It  is  evident  that  quinine  and  quinidine  on  the  one 
hand,  and  cinchonidine  and  cinchonine  on  the  other,  stand  to  each  other 
in  about  the  same  relation  as  levo-  and  dextro-racemic  acids  (see  page 
506).  Nor  are  the  terms  wanting  which  correspond  to  racemic  acid 
itself.  M.  Pasteur  has  in  fact  proved,  that  both  quinine  and  quinidine, 
and  likewise  cinchonine  and  cinchonidine,  are  peculiarly  modified  by 
the  action  of  heat,  exposed  for  sevei'al  hours  to  a  temperature  varying 
between  248°  and  266°  (120°  and  130°C),  quinine  and  quinidine  are 
converted  into  a  third  isomeric  alkaloid,  which  M.  Pastern-  terms 
quinicine,  while  cinchonine  and  cinchonidine  furnish  an  isomeric 
cinchonicine  under  the  same  circumstances.  In  racemic  acid  the 
right-handed  action  of  dextro-racemic,  and  the  left-handed  action  of 
levo-racemic  acid,  are  exactly  balanced,  racemic  acid  possessing  no 
longer  any  action  upon  polai'ized  light ;   in  the  two  new  products,  in 

C36H24?s'20j,  and  C3RH34N2O2.  If  these  fonnulaj  be  adopted,  the  basic  sul- 
phate of  commerce  woufd  become  a  neutral,  the  neutral  an  acid-salt. 
Commercial  sulphate      .       .    C3hH24N202"^03  +  '*HO- 
Soluble  sulphate   .      .      .      C38H24N202.S03  +  HO,SOa  +  i5HO. 
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quinicine  and  cinohonicine,  such  a  perfect  balance  is  not  observed, 
both  still  exert  a  feeble  right-handed  action,  which  is,  however,  very 
'  slight  when  compared  with  the  powers  of  the  alkaloid,  which  give 
rise  to  them.  The  following  table  exhibits  the  relations  of  the  six 
alkaloids,  and  their  analogy  with  the  racemic  group,  in  a  more 
conspicuous  manner : — 

Quinine  Quinicine  Quinidine 

Left-handed,        Bight-handed,  Eight-handed, 
powerfully.  fcehhj.  very  powerfully. 

Cinchonine  Cinohonicine  Cinchonidine 

Right-handed,      Right-handed,  Left-handed, 
very  powerfully,   feebly.  powerfully.  _ 

Dextro-racemic     Racemic  acid  Levo-racemic 
(tartaric)  acid      neutral.  acid 
Right-handed.  Left-handed. 

Chinoidine,  qitinoidine,  or  amorphous  quinine,  is  contained  in  the 
refuse,  or  mother-liquors  of  the  quinine  manufacture.  In  its  purest 
state  it  forms  a  yellow  or  brown  resin-like  mass,  insoluble  in  water, 
ft-eely  soluble  in  alcohol  and  ether.  It  is  easily  soluble  also  in  dilute 
acids,  and  is  thence  precipitated  by  ammonia.  Quinoidine  possesses 
powerful  febrifuge  properties,  and  is  identical  in  composition  with 
quinine.  It  evidently  bears  to  quinine  the  same  relation  that  uncrys- 
tallizable  syrup  does  to  ordinary  sugar,  being  produced  from  quinine 
by  the  heat  employed  in  the  preparation. 

From  Cusco,  or  Arica-hark,  and  likewise  from  the  Cinchona  ovata, 
or  white  quinquina  of  Condamine,  a  substance  denominated  aricine 
or  cinchovatine  has  been  extracted  ;  it  closely  resembles  cinchonine, 
and  contains  C2oH,2NOg  i.  e.,  1  eq.  of  oxygen  more  than  quinine,  and 
2  eq.  more  than  cinchonine. 

This  substance  is  useless  in  medicine. 

KiNic  ACID. — Kinate  of  lime  is  found  in  the  solution  from  which 
the  bark-alkalis  have  been  separated  by  hydrate  of  lime,  and  is  easily 
obtained  by  evaporation,  and  purified  by  animal  charcoal.  From  the 
lime-salt  the  acid  can  be  extracted  by  decomposing  it  by  diluted  sul- 
phuric acid.  The  clear  solution  evaporated  to  a  syrupy  consistence 
deposits  large,  distinct  crystals,  which  resemble  those  of  tartaric  acid. 
It  is  soluble  in  2  parts  of  water,  and  contains  Ci4H,,0n,H0. 

When  kinic  acid  is  heated  with  a  mixture  of  sulphuric  acid  and 
binoxide  of  manganese,  it  furnishes  a  very  volatile  substance  termed 
hinone,  the  vapour  of  which  is  exceedingly  irritating  to  the  eyes 
This  new  body  forms  crystals  both  by  sublimation  and  by  solution  in 
boiling  water;  it  melts  with  gentle  heat,  and  crystallizes  on  cooling, 
colours  the  skin  pennanently  brown,  and  contains  G^^^^O^. 

By  destructive  distillation,  kinic  acid  yields  numerous  and  interest- 
ing products,  which  have  been  studied  by  M.  Wohler,  as  benzoic  acid, 
carbolic  acid,  hydride  of  salicyl,  benzol,  a  tarry  substance  not  exa- 
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mined,  and  a  new  body,  colourless  hydrokinone,  which  possesses  very 
curious  relations  with  the  Icinone  above  described.  It  forms  colour- 
less six-sided  prismatic  crystals ;  is  neutral,  destitute  of  taste  and 
odour,  fusible,  and  easily  soluble  both  in  water  and  alcohol.  With 
care  it  may  be  sublimed  unchanged.    It  contains  CigH^O^. 

Colourless  hydi'okinone  can  be  easily  and  directly  produced  from 
kinone  by  the  assimilation  of  hydrogen,  as  by  addition  of  hydriodic 
acid  to  a  solution  of  the  latter,  when  iodine  is  set  free,  or  by  sulphur- 
ous acid,  or  telluretted  hydrogen. 

An  intermediate  product  of  reduction  is  green  hydi'oMnone.  This 
is  obtained  by  the  incomplete  action  of  sulphmous  acid  upon  kinone, 
or  by  the  action  of  sesquichloride  of  iron,  chlorine,  nitrate  of  silver,  or 
chromic  acid  upon  colourless  hydrokinone  ;  or  by  mixing  together 
solutions  of  kinone  and  colourless  hydrokinone.  It  forms  slender 
green  crystals  of  the  colour  of  the  wing-case  of  the  rose-beetle,  and  of 
the  greatest  brilliancy  and  beauty.  It  is  fusible,  has  but  little  odour, 
and  dissolves  freely  in  boiling  water,  crystallizing  out  on  cooling. 
This  substance  contains  Cii^iO^. 

If  kinic  acid  be  submitted  to  distillation  with  an  ordinary  chlorine- 
mixture,  an  acid  liquid  and  a  crystalline  sublimate  are  formed.  The 
former  is  a  solution  of  formic  acid,  the  latter  a  mixture  of  4  chloi-i- 
netted  compounds,  which  are  chlorokinone  Cjg(H3Cl)04,  bichlorolcir 
none  Cig(H2Cl2)04,  trichlorokinone  C,2(HC]3)04,  and  tetrachloro- 
kinone  €,201404.  They  are  all  yellow  ciystalline  substances,  which 
can  be  separated  only  with  great  difficulty.  Like  kinone  itself,  they 
possess  the  faculty  of  combining  with  1  or  2  eq.  of  hydrogen,  produc- 
ing 2  series  of  substances  analogous  to  green  and  colourless  h3-dro- 
kinone.  Tetrachloroldnone,  better  known  by  the  name  chloranile, 
likewise  occurs  among  the  products  of  decomposition  of  indigo. 

Other  pi-oducts  were  obtained  by  the  action  of  sulphuretted  hydro- 
gen and  strong  hydrochloric  acid  upon  Idnone,  which  possess  less 
interest  than  the  preceding. 

Strychnine  and  brdcine,  also  called  strychnia  and  brucia,  are 
contained  in  Nux  vomica,  in  St  Ignatius'  bean,  and  in  false  Angus- 
tura  hark;  they  are  associated  with  a  peculiar  acid,  called  the 
igasuric.  Nux-vomica  seeds  are  boiled  in  dilute  sulphuric  acid  until 
they  become  soft ;  they  are  then  crushed,  and  the  expressed  liquid 
mixed  with  excess  of  hydrate  of  lime,  which  throws  down  the  alkalis. 
The  precipitate  is  boiled  in  spirit  of  wine  of  sp.  gr.  0-850,  and  filtered 
hot.  Strychnine  and  brucine  are  deposited  together  in  a  coloured 
and  impure  state,  and  may  be  separated  by  cold  alcohol,  in  which  the 
latter  dissolves  readily. 

Pure  strychnine  crystallizes  under  favourable  circumstauces  in 
small  but  exceedingly  brilliant  octahedral  crystals,  which  are  trans- 
parent and  colourless.  It  has  a  very  bitter,  somewhat  metallic  taste 
(1  part  in  1,000,000  parts  of  water  is  still  perceptible),  is  slightly  solu- 
ble in  water,  and  is  fearfully  poisonous.    It  dissolves  in  hot,  and 
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somewhat  dilute  spirit,  but  neither  in  absolute  alcohol,  ether,  nor  in 
solution  of  caustic  alkali.  This  alkaloid  may  be  readily  identified  by 
moistening  a  crystal  with  concentrated  sulphuric  acid,  and  adding 
to  the  liquid  a  crystal  of  bichromate  of  potassa,  when  a  deep  violet 
tint  is  produced,  which  disappears  after  some  time.  Strychnine  forms 
with  acids  a  series  of  well-defined  salts,  lately  examined  by  Messrs. 
Nicholson  and  Abel,  who  established  for  strychnine  the  foi-mula 
C42H22N2O4.  _ 

Brucine  is  easily  distinguished  from  the  preceding  substance,  which 
it  much  resembles  in  many  respects,  by  its  ready  solubility  in  alcohol, 
both  hydrate  and  absolute.  It  dissolves  also  in  about  500  parts  of 
hot  water.    The  salts  of  brucine  are,  for  the  most  part,  crystallizable. 

Brucine  contains  C^gHggNjOg. 

Veratrine  (or  veratria)  is  obtained  from  the  seeds  of  Veratrvm 
sahadilla.  In  its  purest  state  it  is  a  white  or  yellowish-white 
powder,  which  has  a  sharp  burning  taste,  and  is  very  poisonous.  It 
is  remarkable  for  occasioning  violent  sneezing.  It  is  insoluble  in 
water,  but  dissolves  in  hot  alcohol,  in  ether,  and  in  acids ;  the  solu- 
tion has  an  alkaline  reaction,  Veratrine  contains  niti-ogen,  but  its 
composition  is  yet  doubtful. 

A  substance  called  colchicine,  extracted  from  the  ColcMcum  autum- 
mle,  and  formerly  confounded  with  veratrine,  is  now  considered  dis- 
tinct ;  its  history  is  yet  imperfect. 

Conine  (conicine,  or  conia),  nicotine,  and  sparteine diifer  from 
the  other  vegetable  bases  in  physical  characters ;  they  are  volatile  oily 
liquids.  The  first  is  extracted  from  hemlock,  the  second  from  tobacco, 
and  the  third  from  broom  (^SjMrtium  scopariiim).  They  agree  in  most 
of  their  characters,  having  high  boiling-points,  very  poisonous  proper- 
ties, strong  alkaline  reaction,  and  the  power  of  forming  with  acids 
crystallizable  salts.  The  formula  of  nicotine  is  CjoHyN  ;  that  of 
conine,  CigHijN,  and  that  of  sparteine  CijHj^N.  A  series  of  sub- 
stances Rs.  it  appears  closely  related  to  nicotine  will  be  mentioned 
among  the  artificial  organic  bases. 

The  basic  substance  contained  in  the  juice  of  animal  flesh,  krea- 
tinine,  will  be  found  described  among  the  components  of  the  animal 
body. 

Harjialine. —  This  compound  is  extracted  by  dilute  acetic  acid 
from  the  seeds  of  the  Pegnnim  harmala,  a  plant  which  grows  abun- 
dantly in  the  Steppes  of  Southern  Russia,  and  the  seeds  of  which  are 
used  in  dyeing.  When  pure,  it  forms  yellowish  prit^matic  crystals, 
soluble  in  alcohol  and  dilute  acids,  but  scarcely  foi-ming  crystallizable 
salts.  By  oxidation  it  gives  rise  to  another  compound,  harmine, 
which  itself  possesses  basic  properties.  The  seeds  are  used  for 
dyeing.    Harmaline  probably  contains  CagHi^NgOg,  and  harmine 

^28^12^202. 

Caffeine,  or  theine.— This  remarkable  substance  occurs  in  four 
articles  of  domestic  life,  infusions  of  which  are  used  as  beverages  over 
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the  greater  part  of  the  known  world,  namely,  tea  and  coffee,  and  in  the 
leaves  of  Guarana  officinalis,  or  Paullinia  sorhilis,  and  in  those  of 
Ilex  paraguayensis ;  it  will  probably  be  found  in  other  plants.  A 
decoction  of  common  tea,  or  of  raw  coflee-berries,  previously  crushed, 
is  mixed  with  excess  of  solution  of  basic  acetate  of  lead.  The  solution, 
filtered  from  the  copious  yellow  or  greenish  precipitate,  is  treated  with 
sulphuretted  hydrogen  to  remove  the  lead,  filtered,  evaporated  to  a 
small  bulk,  and  neutralized  by  ammonia.  The  caffeine  ci-ystallizes 
out  on  cooling,  and  is  easily  purified  by  animal  charcoal.  It  foi-ms 
tufts  of  delicate,  white,  silky  needles,  which  have  a  bitter  taste,  melt 
when  heated  with  loss  of  water,  and  sublime  without  dei-.omposition. 
It  is  soluble  in  about  100  parts  of  cold  water,  and  much  more  easily 
at  a  boiling-heat,  or  if  an  acid  be  present.  Alcohol  also  dissolves  it, 
but  not  easily.  Caffeine  contains  CigHi(,N404.  The  basic  properties 
are  feeble.  The  salts  with  hydrochloric  and  sulphuric  acid  are 
obtained  only  with  difficulty.  It  forms,  however,  splendid  double- 
salts  with  bichloride  of  platinum  and  terchloride  of  gold.  The  pro- 
ducts of  oxidation  of  caffeine,  which  have  been  lately  studied  by 
Rochleder,  are  of  considerable  interest,  inasmuch  as  both  their  com- 
position and  their  properties  establish  a  close  connection  of  these 
products  with  the  derivatives  of  uric  acid.  Under  the  influence  of 
chlorine,  caffeine  yields  a  substance  of  feebly  acid  properties,  which 
contains  CigHyNaOg.  This  compound,  which  has  received  the  name 
amalic  acid,  is  homologous  to  alloxantin.  When  treated  with  oxidiz- 
ing agents,  it  yields  cholestrophane,  CjoHgNgOg,  corresponding  to 
parabanic  acid  of  the  uric-acid-series.  The  murexide  of  the  caffeine- 
series  lastly  is  formed  by  the  treatment  of  amalic  acid  with  ammonia, 
exactly  as  the  murexide  iDcir  excellence  ij  formed  by  the  action  of 
ammonia  upon  alloxantin.  The  new  murexide  imitates  its  prototype  not 
only  in  composition,  but  likewise  in  the  green  metallic  lustre  of  its 
crystals,  and  the  deep-crimson  colour  of  its  solutions.  The  homology 
of  these  compounds  with  the  members  of  the  uric-acid-seiies  is  well 
illusti-ated  by  a  comparison  of  their  formula; ; — 

AUoxantin      Cg  'B.^^iO»  +  '^G^^2='^iz^7  NgOa  Amalic  acid, 
Parabanic  acidCg  H2N206  +  2C2H2=CioH6  NgOg  Cholestrophane. 
Murexide        Ci2H6N508  +  3CgH2  =  Ci8Hi2N508  Caffeine-murexide. 

Theobromine. — The  seeds  of  the  Theobroma  cacao,  or  cacao-nuts, 
fi-om  which  chocolate  is  prepared,  contain  a  crystallizable  principle  to 
which  the  preceding  name  is  given.  It  is  extracted  in  the  same  man- 
ner as  caffeiue,  and  forms  a  white,  crystalline  powder,  which  is  much 
less  soluble  than  the  last-named  substance.  It  contains,  according  to 
Glasson,  C14H8N4O4.  Accordingly  it  is  homologous  to  caffeine. 
The  products  obtained  from  theobromine  by  oxidation  appear  to  be 
likewise  homologous  with  several  terms  of  the  uric-acid-series. 

Berberine. — A  substance  crystallizing  in  fine  yellow  needles, 
slightly  soluble  in  water,  extracted  from  the  root  of  the  Berheris  vtU- 
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gar  is.  It  has  feeble  basic  properties,  and  contains  C42H18NO9.  This 
must  not  be  confounded  with  beeberine,  an  uncrystailizable  basic  sub- 
stance, from  tlie  bark  of  the  green-heart  timber  of  Guiana,  which  has 
the  composition  CgsHgiNOg. 

PiPERiNE.— A  colourless,  or  slightly-yellow  crystallizable  principle, 
extracted  from  pepper  by  the  aid  of  alcohol.  It  is  insoluble  in  water. 
Formula  Cg^HigNOg.  Piperine  readily  dissolves  in  acid;  definite 
compounds,  however,  are  obtained  only  with  difficulty. 

There  are  very  many  other  bodies,  more  or  less  perfectly  known, 
having  to  a  certam  extent  the  properties  of  salt-bases  ;  the  following 
statement  of  the  names  and  mode  of  occurrence  of  a  few  of  these 
must  suffice. 

Hijoscymnine  {Daturine).—k  white,  crystallizable  substance,  from 
Hijoscyamus  niger ;  it  occurs  likewise  iu  Datura  stramonium. 

J.<ro;jOTe.— Colourless  needles,  from  Atropa  belladonna,  formula 

C34H«N0e.  .  ^  .  , 

Solanine.—k  pearly,  crystalline  substance,  from  various  soiana- 
ceous  plants, 

Aconitine. — A  glassy,  transpai-ent  mass,  from  Aconitum  napellus  : 

formula  C6oH27^^0i4> 

Delphmine,- — A  yellowish,  fusible  substance,  from  the  seeds  of 
Delphinium  staphisagria. 

Emetine. — A  white  and  nearly  tasteless  powder  from  ipecacuanha 
root. 

Curarine. — The  arrow^-poison  of  Central  America. 


There  exists  an  extensive  series  of  neutral,  usually  bitter,  and  some- 
times poisonous  vegetable  pi'inciples,  which  are  allied  in  some  mea- 
sure to  the  vegetable-alkalis.  Some  of  these  are  destitute  of  nitrogen. 
Two  of  the  number,  salicin  and  phloridzin,  have  been  ;ilready  de- 
scribed (see  pages  494  and  498) ;  the  most  important  of  the  remainder 
are  the  following  :— 

Gentianin. — The  bitter  principle  of  the  gentian-root,  extracted 
by  ether.  It  crystallizes  in  golden-yellow  needles,  is  sparingly  solu- 
ble in  cold  water,  more  soluble  in  hot  water,  and  freely  dissolved  by 
alcohol  and  ether.    Its  composition  is  01411505. 

FOPULIN. — This  substance  closely  resembles  salicin  in  appearance 
and  solubility,  but  has  a  penetrating  sweet  taste  ;  it  is  found  accom- 
panying salicin  in  the  bark  aiid  leaves  of  the  aspen.  According  to 
recent  reseiu-ches  of  Piria,  populin  contains  C4oH220^g-^-4HO.  It 
is  a  conjugate  compound  of  salicin  and  benzoic  acid. 

C4oH2eO.,o     =      C,4He04      +      Ca6Hi80,4-f- 2H0 

Crystall.  Populin.        Benzoic  acid.  Salicin. 

By  the  action  of  reagents  it  is  converted  into  benzoic  acid,  and  the 
products  of  decomposition  of  salicin.    With  dilute  acid  it  yields 
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benzoic  acid,  grape-sngar,  and  saliretin ;  when  treated  with  a  mix- 
ture of  sulphuric  acid  and  bichromate  of  potassa,  it  fui-nislies  a  con- 
siderable quantity  of  hydride  of  salicyl. 

Daphnin.— Extracted  from  the  bark  of  the  Daphne  mezereim  ;  it 
forms  colourless,  radiated  needles,  freely  soluble  in  hot  water,  alcohol 
and  ether.  ' 

Hespeeidin.— A  white,  silky,  tasteless  substance,  obtained  from 
the  spongy  part  of  oranges  and  lemons.  It  dissolves  in  60  pai-ts  of 
hot  water  :  also  in  alcohol  and  ether. 

Elaterin. — The  active  principle  of  Momordica  elaterium.  It  is 
a  white,  silky,  crystalline  powder,  insoluble  in  water.  It  has  a  bitter 
taste,  and  excessively  violent  purgative  properties.  Alcohol,  ether, 
and  oils  dissolve  it.  Exposed  to  heat,  it  melts  and  afterwai'ds  vola- 
tilizes.   It  contains  €2011,405. 

Antiarin. — The  poisonous  principle  of  the  Uims  antiar.  It  forms 
small  pearly  crystals,  soluble  in  27  parts  of  boiling  water,  and  also  in 
alcohol,  but  scarcely  so  in  ether ;  it  cannot  be  sublimed  without  de- 
composition. Introduced  into  a  wound,  it  rapidly  brings  on  vomit- 
ing, convulsions,  and  death.    Antiarin  contains  C^^J^^qO^. 

PiCROTOXiN. — It  is  to  this  substance  that  Coccidtis  indicus  owes  its 
active  properties.  Picrotoxin  fomis  small,  colourless,  stellated 
needles,  of  inexpressibly  bitter  taste,  which  dissolve  in  25  parts  of 
boiling  alcohol.    It  contains  CioHg04. 

ASPARAGIN. — This,  and  the  two  following,  are  azotized  bodies. 
Asparagin  is  found  in  the  root  of  the  marsh-mallow,  in  asparagus 
sprouts,  and  in  several  other  plants.  The  mallow-roots  are  chopped 
small,  and  macerated  in  the  cold  with  milk  of  lime;  the  filtered  liquid 
is  precipitated  by  carbonate  of  ammonia,  and  the  clear  solution  evapo- 
rated in  a  water-bath  to  a  syrupy  state.  The  impure  asparagin, 
which  separates  after  a  few  days,  is  purified  by  re-crystallization. 
Asparagin  forms  brilliant,  transparent,  colourless  crystals,  which  have 
a  faint  cooling  taste,  and  are  freely  soluble  in  water,  especially  when 
hot.  When  dissolved  in  a  sacchaiine  hquid,  which  is  afterwards 
made  to  fennent,  when  heated  with  water  under  pressure  in  a  close 
vessel,  or  when  boiled  with  an  acid  or  an  alkali,  it  is  converted  into 
ammonia  and  a  new  acid,  the  aspartic.  Asparagin  contains  CgHg 
NgOg,  and  aspartic  acid  CsHyNOg.  The  remarkable  relation  in 
which  these  substances  stand  to  malic  acid  has  been  already  noticed 
under  the  head  of  malic  acid  (see  page  509). 

Santonin. — This  substance  is  the  crystalline  principle  of  several 
varieties  of  Artemisia.  In  order  to  obtain  it,  the  seeds  are  crushed, 
and  digested  with  lime  and  spirit  of  wine,  when  a  yellow  liquid  is 
obtained,  from  which  the  alcohol  is  separated  by  distillation.  The 
residuary  liquid  is  saturated  with  acetic  acid,  when  the  santonin 
crystallizes.  This  substance  is  easily  soluble  in  water  and  alcohol, 
and  contains  C3oH,gO(;.  Santonin  possesses  the  character  of  a  weak 
acid. 


ORGANIC  BASES  OF  ARTIFICIAL  ORIGIN. 


559 


ORGANIC  BASES  OF  ARTIFICIAL  ORIGIN. 

The  constitution  of  the  alkaloids,  which  occur  ready  formed  in 
nature,  is  not  yet  -clearly  understood.  The  fact  that  all  these  sub- 
stances contain  nitrogen,— the  alkaline  reaction,  which  the  greater 
part  of  them  exhibits  with  vegetable  colours,  and  especially  then- 
faculty  of  combining  with  acids  to  crystallizable  salts,  establish  an 
obvious  relation  between  the  alkaloids  and  ammonia.  This  has  never 
been  doubted,  and  the  views  of  chemists  have  been  divided  only  as  to 
the  nature  of  this  relation.  At  a  certain  time  Berzelius  assumed  that 
all  the  alkaloids  contained  ammonia  ready  formed,  and  that  their 
basic  properties  were  due  to  this  ammonia.  According  to  this  view 
the  formulas  of  quinine  and  morphine  would  be — 

Quinine  C2oHi2N02  =  C2oH9  OgiNHg 

Morphine        C3,Hi9N0e  =  C34Hi606,NH3. 

This  view,  in  the  general  form  in  which  it  was  proposed,  is  cer- 
tainly inadmissible.  It  is  supported  by  very  scanty  experimental 
evidence,  and  was  never  imiversally  adopted.  There  may  be  some 
alkaloids  so  constituted  as  represented  by  the  theory  of  Berzelius. 
There  are,  however,  a  great  many,  the  constitution  of  which  is 
obviously  different.  Several  of  these  substances  have  been  lately  the 
subject  of  extensive  and  careful  inquiries  ;  but  these  researches, 
although  they  have  established  their  formulas  and  increased  our 
knowledge  regarding  their  salts,  have  as  yet  elicited  but  few  facts 
which  promise  to  afford  a  clearer  insight  into  the  nature  of  these 
bodies. 

On  the  other  hand,  the  labours  of  the  last  ten  yeai-s  have  brought  to 
light  a  very  numerous  group  of  substances  perfectly  analogous  to  the 
alkaloids  which  are  found  in  plants,  but  produced  by  artificial  pro- 
cesses in  the  laboratory.  These  bodies,  which  are  termed  artificial 
alkaloids  or  artificial  organic  bases,  are  mostly  volatile.  Their  con- 
stitution is  much  simpler  than  that  of  the  native  bases.  The  very 
processes  which  give  rise  to  their  formation  often  permit  a  very  clear 
insight  into  the  mode  in  which  the  elements  are  grouped,  and  in  the 
relation  existing  between  these  substances  and  ammonia. 

In  a  foi-mer  section  of  this  volume  (page  271),  it  has  been  stated 
that  the  majority  of  chemists  are  inclined  to  assume  in  the  ammoniacal 
salts  the  existence  of  a  compound  metal  ammonium  NH4, 

Chloride  of  ammonium,  1nH,,C1 
Sulphate  of  ammonia,  NH^OjSOg. 

Now,  recent  researches  have  shown,  that  in  these  salts,  1,  2  3  or  even 
the  4  eq.  of  hydrogen  may  be  replaced  by  compound  radicals'  containing 
variable  proportions  of  carbon  and  hydrogen,  without  any  cliange  in 
their  fundamental  properties.    It  is  evident  that  we  obtain  in  this 
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manner,  in  addition  to  the  ammoniacal  salts,  four  new  series  of  com- 
pounds very  closely  allied  to  the  former.  Let  A  B  C  D  represent 
a  series  of  such  radicals  capable  of  replacing  hydrogen,  then  the 
following  series  of  salts  may  be  formed  : — 


Ammonia-salts 


fH 

XT  H 


O.SOa 


First  group  of  com- 
pound ammonia-salts 


CI 


Second  group  of  gom- 
pound  ammonia-salts 


Third  group  of  com- 
pound ammonia-salts 


CI 


N  c  0,S0,. 


Fourth  group  of  com- 
pound ammouia-salts 


CI 


N  c  0,S0, 

bl 


It  need  scarcely  be  mentioned  that  it  is  by  no  means  necessary  that 
the  several  hydrogen-equivalents  iu  ammonia  should  be  replaced  by 
different  radicals,  as  assumed  in  the  preceding  table.  Substances  of 
tlie  formulas — 


nMci  = 

H 


are  even  more  easily  prepared  and  more  frequently  met  with. 

This  synopsis  shows  that  the  number  of  salts  capable  of  being 
derived  from  the  ordinary  ammoniacal  salts  must  be  very  consider- 
able. Even  now  a  very  extensive  series  has  been  prepared,  although 
the  number  of  radicals  at  our  disposal  at  present  is  still  comparatively 
limited. 

It  has  been  mentioned  that  all  attempts  at  isolating  both  ammo- 
nium and  its  oxide  have  hitherto  failed  (see  page  271).  On  treating 
chloride  of  ammonium  or  sulphate  of  ammonia  with  mineral  oxides, 
such  as  potassa,  lime,  and  baryta,  decom])osition  ensues,  chloride  of 
potassium  or  sulphate  of  potassa,  &c.,  is  formed,  and  the  separated 
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oxide  of  ammonium  splits  into  ammonia-gas  and  water,  NH^O  = 
NH3  + HO  (see  page  180). 

The  compound  ammonia-salts  are  likewise  decomposed  by  mmeral 
oxides.    With  the  &st  three  classes  the  change  is  perfectly  analogous 
to  that  of  ammoniacal  salts,  the  separated  oxide  is  decomposed  into 
water  and  a  volatile  base,  the  properties  of  which,  according  to  the 
natm-e  of  the  replacing  radicals,  are  more  or  less  closely  approximated 
to  those  of  ammonia  itself.   We  arrive  in  this  manner  at  three  groujjs 
of  organic  bases,  differing  from  one  another  by  the  amount  of  hydro- 
gen which  is  replaced ;  they  have  been  distinguished  by  the  terms 
amidogen-,  imidogen-,  and  nitrile-bases. 
(H 
N  {H 
H 


Ammonia.  *     Amidogen-  Imidogen-  Nitrile-bases. 

bases.  bases. 
The  last  group  of  ammoniacal  salts,  in  which  the  4  eq.  of  hydrogen 
are  replaced  by  radicals,  differ  in  their  deportment  from  the  former 
classes.  These  salts  are  not  decomposed  by  potassa,  but  yield,  by 
appropriate  treatment,  a  series  of  substances  of  a  very  powerfully 
alkaline  character,  which  are  expressed  by  the  general  foiTnulre: — 

cjo,  HO, 

and  are  evidently  analogous  to  hydrated  oxide  of  ammonium  ;  from 
which  they  differ,  however,  in  a  remarkable  manner  by  their  great 
stability. 

These  general  statements  will  become  more  intelligible  if  we  eluci- 
date them  by  the  description  of  several  individual  substances  :  the 
limits  of  this  work  compel  us,  however,  to  confine  ourselves  to  the 
more  important  members  of  this  already  very  numerous  group,  which 
is  moreover  daily  increasing. 

It  may  at  once  be  stated  that  by  far  the  gi-eater  number  of  these 
compounds  are  derived  from  the  alcohols  or  substances  analogous  to 
them ;  and  that  the  radicals  which  in  the  preceding  sketch  have  been 
designated  by  the  letters  A,  B,  C,  and  D,  are  chiefly  the  hydrocarbons 
previously  described  under  the  names  ethyl,  methyl,  and  amyl. 

BASES  OF  THE  ETHYL- SERIES. 

Ethylamine,  Ethyl-ammonia,  C4Hj.N  =  N(H2,C4H5)  =  N(H2Ae). 
—  On  digesting  bromide  or  iodide  of  ethyl  (see  page  426)  with  an 
alcoholic  solution  of  ammonia,  the  alkaline  reaction  of  the  ammonia 
gradually  disappeai-s.    On  evaporating  the  solution  on  the  water-bath, 

2  o 


562 


ORGANIC  BASES  OF 


a  white  crystalline  mass  is  obtained,  which  consists  chiefly  of  bromide 
of  ethyl-ammonium,  AeI  +  NH3  =  N(H3Ae)I.  On  distilling  this  salt 
m  a  retort  provided  with  a  good  condenser,  with  caustic  lime,  the 
ethylamine  is  liberated  and  distils  over. 

NH^Ael  +  KO  =  NCH^Ae)  +  HO  +  KI. 
Another  method  of  preparing  this  compound,  and  indeed  the 
method  by  which  this  remarkable  substance  was  first  obtained  by 
M.  Wurtz,  consists  in  submitting  cyanate  of  ethyl  to  the  action  of 
hydrate  of  potassa.  In  describing  cyanic  acid  (see  page  523),  the 
interesting  change  has  been  mentioned,  which  this  substance  un- 
dergoes when  treated  with  boiling  solution  of  potassa.  In  this 
case  cyanic  acid  splits  into  2  eq.  of  carbonic  acid  and  1  eq.  of  am- 
monia; cyanate  of  ethyl  (see  page  526)  suffers  a  perfectly  analogous 
decomposition,  and  instead  of  ammonia  we  obtain  ethylamme. 

C2N0,H0  +  2(K0,H0)  =  2(K0,C0j)  -f  NH3 

Hydrated  Ammonia, 
cyanic  acid. 

C2N0,Ae0  +  2(K0,H0)  =  2(K0,C02)  +  l^TH^Ae) 

Cyanate  of  Ethylamine. 
ethyl. 

Cyanurate  of  ethyl,  isomeric  with  the  cyanate,  likewise  furnishes 
ethylamine. 

Ethylamine  is  a  very  mobile  liquid,  of  0-6964  sp.  gr.,  at  46°-4 
(8°C),  which  boils  at  64°-4  (18°C).  The  sp.  gr.  of  the  vapour  is  1-57. 
It  has  a  most  poweirfully  ammoniacal  odour,  and  restores  the  blue 
colour  to  reddened  litmus  paper.  It  produces  white  clouds,  with 
hydrochloric  acid,  and  is  absorbed  by  water  with  great  avidity.  With 
the  acids  it  forms  a  series  of  neutral  crystallizable  salts  perfectly 
analogous  to  those  of  ammonium. 

This  substance  imitates,  moreover,  in  a  remarkable  manner,  the 
deportment  of  ammonia  with  metallic  salts.  It  precipitates  the  salts 
of  magnesia,  alumina,  iron,  manganese,  bismuth,  chromium,  uranium, 
tin,  lead,  and  mercury.  Zinc-salts  yield  a  white  precipitate  which  is 
soluble  in  excess.  Like  ammonia,  ethylamine  dissolves  chloride  of 
silver,  and  yields  with  copper-salts  a  blue  precipitate,  which  is  soluble 
in  an  excess  of  ethylamine.  On  adding  ethylamine  to  oxalic  ether, 
a  white  precipitate  of  ethyl-oxamide,  N(HAe),C202,  is  produced ;  even 
a  compound  analogous  to  oxamic  acid  (see  page  412)  has  been  ob- 
tained. Ethylamine  may,  however,  be  leadily  distinguished  from 
ammonia ;  its  vapour  is  inflammable,  and  it  produces,  with  bichloride  of 
platinum,  a  salt  N(H3Ae)Cl,PtCl2,  crystallizing  in  golden  scales,  which 
are  rather  soluble  in  water.  If  ethylamine  be  treated  with  chlorine, 
it  furnishes  chloride  of  ethyl-ammonium  and  a  yellow  liquid  of  a 
penetrating  odour  exciting  tears,  which  contains  NClgAe.    This  sub- 
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stance  is  hicMorethylnmine.  When  treated  with  potassa  it  is  con- 
verted into  ammonia,  acetate  of  potassa,  and  chloride  of  potassium, 
NCl2,C,H5  +  3K0+H0  =  K0,C,H3O3  +  NH3  +  2KCl. 

Ethylumine-urea.—On  passing  into  a  solution  of  ethylamme,  the 
vapour  of  hydrated  cyanic  acid,  the  liquid  becomes  hot,  and  deposits, 
after  evaporation,  tine  crystals  of  ethylamine-iirea,  C4H7N  + 
CjNO.HO  =  C^HgNaOa  =  C2(H3,C4H5)N202  =  C^(JI^Aq)^^0^.  This 
substance,  which  may  be  viewed  as  ordinary  urea  (see  page  536), 
in  which  1  eq  of  hydrogen  is  replaced  by  ethyl,  may  be  prepared 
also  by  treating  cyanic  ether  with  ammonia,  C4H50,C2NO-i-NH3  = 
CgHgNgOa.  Ethylamine-urea  is  very  soluble  in  water  and  alcohol : 
the  concentrated  aqueous  solution,  unlike  that  of  ordinary  urea, 
yields  no  precipitate  with  nitric  acid ;  but  on  gently  evaporating  the 
mixture,  a  very  soluble  crystalline  nitrate  of  ethylamine-urea  is  ob- 
tained. Boiled  with  potassa,  this  substance  yields  a  mixture  of 
equal  equivalents  of  ammonia  and  ethylamine,  C2(HgAe)N202  -|- 
2(KO,HO)  =  2(KO,C02)  +  NH3  +  NCHgAe). 

BiETHYLAMiNE,  Biethyl-cmimonia,  CgHjiN  =  NH,2C4H5  =  N 
("HAca). — A  mixture  of  solution  of  ethylamine  and  bromide  of  ethyl, 
heated  in  a  sealed  tube  for  several  hours,  solidifies  to  a  crystalline  mass 
of  bromide  of  biethyl-ammonium,  N(H2Ae)  -|-  AeBr=N(HjjAe2)Br. 
The  bromide,  when  distilled  with  potassa,  furnishes  a  colourless  liquid, 
still  very  alkaline,  and  soluble  in  water,  but  less  so  than  ethylamine. 
This  compound  boils  at  133°  (55^C).  It  forms  beautifully  crystal- 
lizable  salts  with  acids.  A  solution  of  chloride  of  biethyl-ammonium 
furnishes  with  bichloride  of  platinum,  a  very  soluble  double  salt, 
N(H2Ae2)Cl,PtCl2,crystallizing  in  orange-red  grains,  very  different  from 
the  orange-yellow  leaves  of  the  corresponding  ethyl-ammonium-salt. 

£iet/u/lamino-urca. — Biethylamine  probably  behaves  with  cyanic 
acid  like  ammonia  and  ethylamine,  giving  rise  to  biethylamine- 
urea.  This  substance  has  been  produced  by  the  action  of  cyanic 
ether  upon  ethylamine,  C4H50,C2N0  +  C5H7N  =  Ci„H,2N202  = 
C2(H.22C4H5)N202  =  C2(H2Ae2)N202.  Biethylamine-m-ea  is  very 
crystallizable,  and  readily  forms  a  crystalline  nitrate.  Boiled  with 
potassa,  biethylamine-urea  yields  pure  ethylamine,  C2(H2Ae2)NoOB 
-[-2(KO,HO)  =  2(KO,C02)  +  2N(H2Ae). 

Trietiiylamine, Tricthyl-ammonia,  G^^.^^l^  =  N3(C4H5)  =  NAe3. 
—  The  formation  of  this  body  is  perfectly  analogous  to  those  of  ethyl- 
amine and  biethylamine.  On  heating  for  a  short  time  a  mixture  of 
biethylamine  with  bromide  of  ethyl  in  a  sealed  glass  tube,  a  beautiful 
fibrous  mass  of  bromide  of  triethyl-ammonium  is  obtained,  from 
which  the  triethylamine  is  separated  by  potassa.  Triethylainine  is  a 
colourless,  powerfully  alkaline  liquid,  boiling  at  195°-8  (91°C).  The 
salts  of  this  base  crystallize  remarkably  well.  With  bichloride  of 
platinum  it  forms  a  very  soluble  double  salt,  N(HAe3)Cl,PtCl2,  which 
crystallizes  in  magnificent  large  orange-red  rhombs. 

Hydrated  Oxide  of  Tetrethyl-ammonium,  CgoHjiNOg— N4(C4H5) 


564 


OEGANIO  BASES  OF 


0,H0=NAe40,H0. — When  anhydrous  triethylamine  is  mixed  with 
dry  iodide  of  ethyl,  a  powerful  reaction  ensues,  the  mixture  enters 
into  ebullition,  and  solidifies  on  cooling  to  a  white  crystalline  mass 
of  iodide  of  tetrethyl-ammonium,  NAe3  + AeI=NAe4l.  The  new 
iodide  is  readily  soluble  in  hot  water,  from  which  it  crystallizes  on 
cooling  in  beautiful  crystals  of  considerable  size.  This  substance  is 
not  decomposed  by  potassa ;  it  may  be  boiled  with  the  alkali  for 
hours  without  yielding  a  trace  of  volatile  base.  The  iodine  may, 
however,  be  readily  removed  by  treating  the  solution  with  silver-salts. 
If  in  this  case  sulphate  or  nitrate  of  silver  be  employed,  we  obtain, 
together  with  iodide  of  silver,  the  sulphate  or  nitrate  of  oxide  of 
tetrethyl-ammonium,  which  crystallize  on  evaporation ;  on  the  other 
hand,  if  the  iodide  be  treated  with  freshly-precipitated  protoxide  of 
silver,  the  oxide  of  tetrethyl-ammonium  itself  is  separated.  On 
filtering  off  the  silver-precipitate,  a  clear  colourless  liquid  is  obtained, 
which  contains  the  isolated  base  in  solution.  It  is  of  a  strongly  alkaline 
reaction,  and  has  an  intensely  bitter  taste.  Solution  of  oxide  of 
tetrethyl-ammonium  has  a  remai'kable  analogy  to  potassa  and  soda. 
Like  the  latter  substance,  it  destroys  the  epidermis  and  saponifies  fatty 
substances  with  the  formation  of  true  soaps.  With  the  salts  of  the 
metals,  this  substance  exhibits  exactly  the  same  reactions  as  potassa. 
On  evaporating  a  solution  of  the  base  in  vacuo,  long  slender  needles  are 
deposited,  which  are  evidently  the  hydrate  of  the  base,  with  an  addi- 
tional amount  of  water  of  crystallization.  After  some  time  these 
needles  disappear  again,  and  a  semi-solid  mass  is  left,  which  is  the 
hydrate  of  oxide  tetrethyl-ammonium.  A  concentrated  solution  of 
this  substance  in  water  may  be  boiled  without  decomposition,  but  on 
heating  the  dry  substance,  it  is  decomposed  into  pure  triethylamine 
and  olefiant  gas : 

NAe^O.HO  =  2H0  -f  NAeg  -j-  C^H^. 

Oxide  of  tetrethyl-ammonium  forms  neutral-salts  with  the  acids. 
They  are  mostly  very  soluble ;  several  yield  beautiful  crystals.  The 
platinum-salt,  NAe4Cl,PtCl2,  forms  orange-yellow  octahedrons,  which 
are  of  about  the  same  solubility  as  the  corresponding  bichloride  of 
platinum  and  potassium. 

Oxide  of  tetrethyl-ammonium  is  obviously  perfectly  analogous  to 
the  hitherto  hypothetical  oxide  of  ammonium.  It  is  a  compound  of 
remarkable  stability,  the  existence  and  properties  of  which  must  be 
regarded  as  powerful  supports  of  the  ammonium-theory. 

BASES  OF  THE  METHyL-SERIES. 

Methylamine,  Methyl-ammmia,Q.^^'ii  =  N(Ho,C  jHg)  =  N(H2Me). 

 The  formation  and  the  method  of  preparing  this  compound  from 

the  cyanate  of  methyl  are  perfectly  analogous  to  those  of  ethylamme 
(see  page  561) ;  however,  methylamine  being  a  gas  at  the  common 
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temperature,  it  is  necessary  to  cool  the  receiver  by  a  freezing 
mixture.  The  distillate,  which  is  an  aqueous  solution  of  methyl- 
amine,  is  saturated  with  hydrochloric  acid,  and  evapoi-ated  to  dry- 
ness. The  crystalline  residue,  which  is  the  chloride  of  methyl- 
ammonium,  when  distilled  with  dry  lime,  yields  methylamine  gas, 
which,  like  ammonia  gas,  has  to  be  collected  over  mercury.  It 
is  distinguished  from  ammonia  by  a  slightly-fishy  odour,  and  by 
the  facility  with  which  it  burns.  Methylamine  is  liquefied  at  about 
- 17°-8  (0°C);  its  sp.  gr.  is  1-08.  This  substance  is  the  most  soluble 
of  all  gases  at  53°-6  (12°C) ;  1  volume  of  water  absorbs  1040  volumes 
of  gas.  It  is  likewise  very  readily  absorbed  by  charcoal.  In  its 
chemical  deportment  with  acids  and  other  substances,  methylamine 
resembles  in  every  respect  ammonia  and  ethylamine.  Methylamine 
appears  to  be  produced  in  a  great  number  of  processes  of  destructive 
distUlation  ;  it  has  been  formed  by  distilling  several  of  the  natural 
organic  bases,  such  as  codeine,  morphine,  cafleine,  and  several  othei's, 
with  caustic  potassa ;  frequently  a  mixture  of  several  bases  is  produced 
in  this  manner. 

Among  the  numerous  derivatives  already  obtained  with  this  sub- 
stance, methylamine-urea,  C2(HgMe)Ng02  and  bimethyhmvine-urea, 
C2(H2Me)N202,  and  even  a  methyl-ethylamine-urea,  C2(H2MeAe) 
N2O2  may  be  quoted.  The  latter  substance  has  been  produced  by 
the  action  of  cyanate  of  ethyl  upon  methylamine.  Even  a  series  of 
platinum-bases,  analogous  to  those  produced  by  the  action  of  ammonia 
upon  protochloride  of  platinum  (see  page  369),  has  been  obtained 
with  methylamine. 

BiMETHYLAMiNE  has  not  yet  been  prepared  in  a  pure  state. 

Trimetiiylamine,  frme%?-a?nmonia,C6HgN=:]M3(C2H3)  =  NMea. 
This  substance  is  readily  obtained  in  a  state  of  perfect  purity,  by 
submitting  oxide  of  tetramethyl-ammonium  (see  the  following  com- 
pound) to  the  action  of  heat.  It  is  gaseous  at  the  common  tempera- 
ture, but  liquefies  at  about  48°-2  (9°C)  to  a  mobile  fluid  of  very  power- 
fully alkaline  reaction.  Trimethylamine  produces  with  acids  very 
soluble  salts.  The  platinum-salt  N(HMe3)Cl,PtC]2,  is  likewise  very 
soluble  and  crystallizes  in  splendid  orange-red  octahedrons.  According 
to  Mr.  Winkles  large  quantities  of  trimethylamine  are  found  in  the 
liquor  in  which  salt  herrings  are  preserved. 

HyDRATED  OXIDE  OF  TETRAMETHYL-AMMONIUM,  CflHigNOg  — N 

4(C2H3),0,HO  =  NMe^O,HO.-— The  corresponding  iodide  may  be  ob- 
tained by  adding  iodide  of  methyl  to  the  preceding  compound.  Both 
substances  unite  with  a  sort  of  explosion.  The  same  iodide  is  prepared, 
however,  with  less  difficulty,  simply  by  digesting  iodide  of  methyl 
with  an  alcoholic  solution  of  ammonia.  In  this  reaction,  a  mixture 
of  the  iodides  of  ammonium,  methyl-ammonium,  bimethyl-ammonium, 
trimethyl-ammonium,  and  tetramethyl-ammonium  is  produced.  The' 
first  and  last  compound  form  in  largest  quantity,  and  may  be  sepa- 
rated by  crystallization,  the  iodide  of  tetramethyl-ammonium  being 
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rather  difficultly  soluble  in  water.  ,  From  the  iodide  the  base  itself  is 
sepai-ated  by  means  of  protoxide  of  silver.  The  properties  are  similar 
to  those  of  the  corresponding  ethyl-compound.  It  differs,  however, 
from  oxide  oi  tetrethyl-ammonium  in  its  behaviour  wlien  heated 
(see  page  564),  yielding  as  it  does  trimethylamine,  and  pure  methyl- 
alcohol,  NMe^O.HOzrNMeg  +  MeO.HO. 

BASES  OF  THE  AMYL-SERIES. 

The  formation  of  these  bodies  being  perfectly  analogous  to  that  of 
the  corresponding  terms  in  the  ethyl-series,  wo  refer  to  the  more  copious 
statement  given  in  page  561,  and  confine  ourselves  to  a  brief  descrip- 
tion of  their  principal  properties. 

Amylamine,  arnyl-ammoniafi  loHi^TST  =  N(H2,CioHi  i)= N(H2Ayl), 
colourless  liquid  of  a  peculiar  penetrating  aromatic  odour,  slightly 
soluble  ill  water,  to  which  it  imparts  a  strongly  alkaline  reaction. 
With  the  acids  it  forms  crystalline  salts,  which  have  a  fatty  lustre. 
Amylamine  boils  at  199°-4  (93°C). 

An  amylamine-nrea  has  been  prejiared. 

BiAMYLAMiNE,  hiamyl-ammoiiia,  C2oH23N  =  N(H,2CjoIIii)  =  N(H 
Ayl^),  aromatic  liquid,  less  soluble  in  water,  and  less  alkaline  than 
amylamine.    It  boils  at  about  338^  (170°C). 

Tri  amylamine,  tyiainyl-amrmnia,Q,^aB.^.i^  =  N3(C  loHi  i)  =  NAylg, 
colourless  liquid  of  properties  similar  to  those  of  the  two  preceding 
bases,  but  boiling  at  494°*6  (257°C).  The  salts  of  triamylamine  are 
very  insoluble  in  water,  and  fuse,  when  heated,  to  colourless  liquids, 
floating  upon  water. 

Hyurated  oxide  of  tetramyl- ammonium,  C4oH45N02  =  N4Cio 
Hii,0,H0  =  NAyl40,H0, — This  substance  is  far  less  soluble  than  the 
corresponding  bases  of  the  methyl-  and  ethyl-series.  On  adding  potassa 
to  the  aqueous  solution  the  compound  separates  as  an  oily  layer.  On 
evaporating  the  solution  in  an  atmosphere  free  from  carbonic  acid, 
the  alkali  may  be  obtained  in  splendid  crystals  of  considerable  size. 
When  submitted  to  distillation  it  splits  into  water,  triamylamine,  and 
amyleiie  (see  page  475),  NAylO,HO  =  2HO-hNAyl3-j-CioHio. 

bases  of  the  phenyl-series. 

Aniline,  phenylamine,  CigH^N  =  NCHg.CigHJ  =  ^XH^Pyl).— 
Under  the  head  of  salicylic  acid  a  volatile  crystalline  substance 
has  been  noticed  by  the  name  of  hydrated  oxide  of  phenyl.  This 
substance,  of  which  a  fuller  description  is  given  in  Section  IX., 
imitates  to  a  certain  extent  the  deportment  of  an  alcoliol,  but 
several  very  characteristic  transformations  of  the  alcohols,  and  espe- 
cially the  conversion  into  the  corresponding  acid,  have  not  as  yet 
been  realized.  The  organic  base,  however,  which  is  derived  from 
tills  alcohol  in  the  same  manner  as  methylamlne,  ethylaraine,  and 
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amylamine,  from  methyl-,  ethyl-,  and  amyl-alcohol  is  known  under 
the"  term  aniline,  a  name  given  to  it  on  account  of  its  relation  to 
the  indigo-series.  Aniline  cannot  be  produced  from  phenyl-alcohol 
by  the  same  processes  which  have  furnished  the  bases  of  the  other 
alcohols,  neither  bromide  nor  iodide  of  phenyl  having  as  yet  been 
obtained.  However,  on  heating  phenyl-alcohol  with  ammonia  in 
sealed  tubes,  aniline  is  produced,  PylO,HO-|-jSIH3  =  2HO-}-N(H2Pyl). 
Tliis  process,  however,  although  interesting  as  establishing  clearly 
the  relation  of  aniline  and  phenyl-alcohol,  is  not  calculated  to  yield 
large  quantities  of  this  substance.  Aniline  is  invariably  obtained 
either  from  indigo  or  from  nitrobenzol. 

Powdered  indigo  boiled  with  a  highly-concentrated  solution  of  hydrate 
of  potassa  dissolves  with  evolution  of  hydrogen  gas  to  a  brownish-red 
liquid  containing  a  peculiar  acid,  the  chrysanilic,  which  becomes  gra- 
dually converted  iuto  another  acid,  the  anthranilic  (see  page  586),  If 
this  matter  be  transferred  to  a  retort  and  still  farther  heated,  it  swells 
up  and  disengages  aniline,  which  condenses  in  the  form  of  oily  drops 
in  the  neck  of  the  retort  and  in  the  receiver.  Separated  from  the 
ammoniacal  water  by  which  it  is  accompanied,  and  re-distilled,  it  is 
obtained  nearly  colourless.  The  formation  of  aniline  from  indigo  is 
represented  by  the  following  equation  : — 

C16H5NO2  ^-  2(K0,H0)  +  2H0  =  Ci^H^N  +  4(K0,C02)  +  4H. 

Indigo.  Aniline, 

In  order  to  prepare  aniline  from  nitrobenzol  (see  page  487),  this 
substance  is  submitted  to  a  process  discovered  by  Zinin,  which  has 
proved  a  very  abundant  source  of  artificial  organic  bases.  An  alco- 
holic solution  of  nitrobenzol  is  treated  with  ammonia  and  sulphuretted 
hydrogen,  until  after  some  hours  a  precipitate  of  sulphur  takes  place. 
The  brown  liquid  is  now  saturated  again  with  sulphuretted  hydrogen, 
and  the  process  repeated  until  sulphur  is  no  longer  separated.  The 
reaction  may  be  remarkably  accelerated  by  occasionally  heating  or 
distilling  the  mixture.  The  "liquid  is  then  mixed  with  excess  of  acid, 
filtered,  boiled  to  expel  alcohol  and  unaltered  nitrobenzol,  and  then 
distilled  with  excess  of  caustic  potassa.  The  transformation  of  nitro- 
benzol iuto  aniline  is  represented  by  the  equation  : — 

C12H5NO,  4-  6HS  =  CigHyN  -t-  4H0  +  6S, 

Nitrobenzol,  Aniline, 

If  the  aniline  be  required  quite  pure,  it  must  be  converted  into 
oxalate,  the  salt  several  times  crystallized  from  alcohol,  and  again  de- 
composed by  hydrate  of  potassa. 

Aniline  exists  among  the  products  of  the  distillation  of  coal,  and 
probably  of  other  organic  matters ;  it  is  formed  in  the  distillation  of 
anthranilic  acid  (see  page  586),  and  occasionally  in  other  reactions. 

When  pure,  aniline  forms  a  thin,  oily,  colourless  liquid,  of  faint 
vinous  odour,  and  aromatic,  burning  taste.    It  is  very  volatile,  but 
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has,  nevertheless,  a  high  boiling-point,  359°'6  (182°C).  In  the  air  it 
gradually  becomes  yellow  or  brown,  and  acquires  a  resinous  consist- 
ence. Its  density  is  1-028.  Water  dissolves  aniline  to  a  certain 
extent,  and  also  forms  with  it  a  kind  of  hydrate ;  alcohol  and  ether 
are  miseible  with  it  in  all  proportions.  It  is  destitute  of  alkaline 
reaction  to  test-paper,  but  is  quite  remarkable  for  the  number  and 
beauty  of  the  crystallizable  compounds  it  forms  with  acids.  Two 
extraordinary  reactions  characterise  this  body  and  distinguish  it  from 
all  others,  viz.,  that  with  chi-omic  acid,  and  that  with  solution  of  hy- 
pochlorite of  lime.  The  former  gives  with  aniline  a  deep-gi-eenish  or 
bluish-blaclc  precipitate,  and  the  latter  an  extremely  beautiful  violet- 
coloured  compound,  the  fine  tint  of  which  is,  however,  very  soon 
destroyed. 

Suhstitution-products  of  aniline. — Under  the  head  of  indigo,  *a 
product  of  oxidation  of  this  substance  will  he  noticed,  to  which  the 
name  isatin  has  been  given.  When  isatin  is  distilled  with  an  ex- 
ceedingly concentrated  solution  of  caustic  potassa,  it  is,  like  indigo, 
resolved  into  aniline,  carbonic  acid,  and  free  hydrogen.  In  like 
manue)',  when  chlorisatin  or  bichlorisatin,  two  chloro-substitutes 
of  isatin,  are  similarly  treated,  they  yield  products  analogous  to 
aniline,  but  containing  one  or  two  equivalents  of  clilorine  respec- 
tively in  the  place  of  hydrogen.  The  chloraniline,  Cis,(HgCl)N,  and  hi- 
chloraniline,  C'^^(E.^C\^'^,  thus  produced,  cannot,  however,  be  obtained 
directly  from  aniline  by  the  action  of  chlorine,  thus  differing  from 
ordinary  substitution-compounds ;  but  aniUne  may  be  reproduced 
from  them  by  the  same  reagent,  vyhich  is  capable  of  reconverting 
chloracetic  acid  into  ordinary  acetic  acid,  namely,  an  amalgam  of 
potassium  (see  page  456).  They  are  the  first  cases  on  record  of 
organic  bases  containing  chlorine. 

Chloraniline  forms  large,  colourless  octahedra,  having  exactly 
the  odour  and  taste  of  aniline,  very  volatile,  and  easily  fusible ; 
it  distils  without  decomposition  at  a  high  temperature,  and  burns, 
when  strongly  heated,  with  a  red  smoky  flame  with  greenish  border. 
It  is  heavier  than  water,  indifferent  to  vegetable  colours,  and, 
except  in  being  solid  at  common  temperatures,  resembles  aniline 
in  the  closest  manner.  It  forms  numerous  and  beautiful  crystal- 
lizable salts.  If  aniline  be  treated  with  chlorine-gas,  the  action 
goes  farthei-,  trichlor aniline,  Ci2(H4Cl3)N,  being  produced,  a  volatile 
crystalline  body  which  has  no  longer  any  basic  properties.  The 
corresponding  bromine-compounds  have  also  been  formed  and  de- 
scribed. 

Nitraniline. — If  nitrohenzol  be  heated  with  fuming  nitric  acid,  or, 
still  better,  with  a  mixture  of  that  acid  and  oil  of  vitriol,  it  is  con- 
verted into  a  substance  called  binitrobenzol,  containing  CigH^NjOe, 
or  nitrobenzol  in  which  an  additional  equivalent  of  hydrogen  is 
replaced  by  the  elements  of  hyponitric  acid.  When  tliis  is 
dissolved  in  alcohol,  and  subjected  to  the  reducing  action  of 
sulphide  of  ammonium  in    Zinin's  process,  it  furnishes  a  new 
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substance  of  basic  properties,  nitraniline,  having  the  constitution 
of  a  hyponitric  acid  substitution-product  of  ordinary  aniline. 
The  attempts  to  prepare  it  direct  from  aniline  by  means  of  niti'ic 
acid  were  unsuccessful,  the  principal  product  being  usually  car- 
bazotic  acid.  Nitraniline  forms  yellow,  acicular  crystals,  but  little 
soluble  in  cold  water,  although  easily  dissolved  by  alcohol  and  ether. 
When  warmed  it  exhales  an  aromatic  odour,  and  melts.  At  a 
higher  temperature  it  distils  unchanged.  By  very  gentle  heat  it  may 
be  sublimed  without  fusion.  It  is  heavier  than  water,  does  not 
affect  test-paper,  and  like  chlor-  and  bromaniline  fails  to  give  with 
hypochlorite  of  lirae  the  characteristic  reaction  of  the  normal  com- 
pound. Nitraniline  forms  crystal! izable  salts,  of  which  the  hydro- 
chlorate  is  the  best  known.  This  substance  contains  the  elements 
of  aniline  with  an  equivalent  of  hydrogen  replaced  by  hyponitric  acid, 
orCi.HeN.O.^C.aCHsNOJN. 

Cijaniline  is  formed  by  the  action  of  cyanogen  upon  aniline  ;  it  is 
a  crystalline  substance  capable  of  combining  with  acids  like  aniline, 
but  very  prone  to  decomposition.  Cyaniline  contains  Cj^HyNj^rCjj 
HyNCy.  Hence  it  is  formed  by  the  direct  union  of  1  eq.  of  cyanogen 
and  1  eq.  of  aniline. 

Melaniline.— The  action  of  dry  chloride  of  cyanogen  upon  anhy- 
drous aniline  gives  rise  to  the  formation  of  a  resinous  substance, 
which  is  the  chlorine-compound  of  a  very  peculiar  basic  substance  to 
which  the  name  melaniline  has  been  given.  Dissolved  in  water  and 
mixed  with  potassa,  the  above  salt  furnishes  melaniline  in  the  fonn  of 
an  oil,  which  rapidly  solidifies  to  a  beautiful  crystalline  mass.  Mela- 
niline contains  CjjgHjgNg.  The  following  equation  represents  its 
formation  : — 

2C^^UJ^  -f  CjNCl  =  C^eHi^NgCl. 

Melaniline,  when  treated  with  chlorine,  bromine,  iodine,  or  nitric 
acid,  yields  basic  substitution-products,  in  which  invariablv  2  eq.  of 
hydrogen  are  replaced.    It  combines  witli  2  eq.  of  cyanogen. 

The  constitution  of  the  substitution-products  of  aniline  is  readily 
intelligible :  it  is  evident  that  these  substances  owe  their  origin  to  a 
double  substitution,  namely,  first,  of  1  equivalent  of  hydrogen  in 
ammonia  by  phenyl ;  and,  secondly,  of  one  or  several  equivalents  of 
hydrogen  in  phenyl  by  chlorine,  bromine,  &c.  The  arrangement  of 
the  elements  may  be  conveniently  illustrated  by  the  following  for- 
mula;: — 

Ammonia  ....  NH3 
Aniline  .  .  wu  r  T-T 

Chloranihne         .  .  .  NH2,C,g(H,Cl) 

Broman.l.ne     .  .  .  NH„C,,(H,Br) 

Bibroman.lme       .  .  .  NH„C,,(H3Br,) 

Tnbromanil.ne.  .  .  NH^CjjH.Br') 

^'t'-'™''"^    •    •    .  nh„c;^(h,n6:). 

The  constitution  of  cyaniline  and  melaniline  is  more  complicated. 
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Amhne-compoimds  corresponding  to  the  amides  and  amidogen- 
acids,  cf-c— In  describing  the  ammonia-salts  of  various  acids,  attention 
has  been  repeatedly  called  to  the  power  possessed  by  many  of 
them  to  yield  several  new  groups  of  compounds  by  the  loss  of  a  cer- 
tain amount  of  water  (see  pages  412  and  509).  These  groups  are 
perhaps  best  elucidated  by  the  derivatives  of  oxalic  acid. 


Neutral  oxalate  of 
ammonia. 


—    2H0  : 


Oxamide. 


NH^O.CgOa.HO.CoOg    —    2H0      =    CgOa.NH^;  CA-HO 


Binoxalate  of  ammonia. 

NH4OAO3 

Neutral  oxalate  of 
ammonia. 


—    4H0  = 


Oxamic  acid. 

Oxalonitrile  or 
cyanogen. 


The  tei-ms  corresponding  to  oxamide  and  oxamic  acid  have  also 
been  obtained  in  the  aniline-series  ;  they  are  produced  by  the  distil- 
lation of  neutral  and  acid  oxalate  of  aniline,  and  have  been  called 
oxanilide  and  oxanilic  acid. 


Oxanilide       =    Ci^HgNOg      =  CaO^.NHCPyl) 

Oxanilic  acid  =    CigHgNOs      =  C20j,NH(Pyl),C203,HO. 

Compounds  analogous  to  the  nitriles  have  not  been  obtained  in 
the  aniline-series,  and  the  reason  is  intelligible  if  we  glance  at  the 
formula  of  oxalate  of  aniline,  N(H3Pyl)0,C203.  It  is  obvious  that 
4  eq.  of  water  cannot  be  eliminated  from  this  salt  without  touch- 
ing the  hydrogen  of  the  phenyl,  i.  e.,  without  destroying  the  com- 
pound altogether.  A  great  many  aniUdes  and  anilic  acids  have  been 
formed. 

Aniline-urea. — On  passing  the  vapour  of  cyanic  acid  into  aniline, 
the  substance  becomes  hot,  and  solidifies  on  cooling  to  a  crystalline 
mass,  containing  Ci4H8Ng02  =  Cg(H3Pyl)N20g,  This  is  the  com- 
position of  aniline-urea.  This  substance,  however,  does  not  combine 
with  acids  like  the  ureas  (see  pages  537  and  563),  it  is  only  isomeric 
with  the  true  aniline-urea,  which  is  obtained  by  another  process. 
Among  the  derivatives  of  benzoic  acid,  nitrohenzoic  acid,  C^JJi^ 
NOJOgjHO,  has  been  mentioned.  The  ether  of  this  acid,  C^HsO.Ci^ 
(H4N04)03,  like  oxalic  ether,  and  many  other  ethers,  furnishes  an 
amide  when  treated  with  ammonia.  This  substance,  nitrohcnzamido, 
C,4(H^N04)02,NH2,  under  the  influence  of  sulphide  of  ammonium 
suffers  a  change,  which  is  perfectly  analogous  to  that  nf  nitrobenzol 
under   similar   conditions   (see  page  567).     The  mixture  soon 
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deposits  sulpliur,  and  yields  on 
urea. 

Nitrobenzamide. 

This  substance,  which  was  disc 
with  nitric  and  hydrochloric  acid, 
tinum. 


evaporation  crystals  of  aniline- 

C,^H8N20a+4HO  +  6S  . 

Aniline-urea. 

jvered  by  M.  Chancel,  combines 
and  even  with  bichloride  of  pla- 


Bases  homologous  to  Aniline. 

In  a  former  section  of  this  Manual  (page  494),  a  series  of  hydro- 
carbons have  been  mentioned,  which  are  homologous  to  benzol.  Each 
of  these  substances,  when  treated  with  fuming  nitric  acid,  yields  a 
nitro-substitute  cori'esponding  to  nitrobenzol,  which,  under  the 
influence  of  sulphuretted  hydrogen,  is  converted  into  a  basic  com- 
pound homologous  to  aniline.    We  thus  obtain  the  following  group  : — 

Benzol.CiaHj  H  Nitrobenzol, CijH  5NO4  Aniline,  NCHg.CjgH  5) 
Toluol,Ci4H7  H  Nitrotoluol,Ci4H  ^NO^  Toluidine,  N(H2,Ci4H  7) 
Xylol,  CigHg  H  Nitroxylol,  C^^R  9NO4  Xylidine,  NCH^.CigH  g) 
Cumol.CieHijH  Nitrocumol,  CibHuNO^  Cumidine,  N(H2,Ci8Hi,), 

TOLUIDINE,  C,4H9N  =  N(H2,C,4H7)=N(H2Tyl).— This  is  pre- 
pared exactly  like  aniline. 

Toluidine  forms  coloui'less  platy  crystals,  very  sparingly  soluble  in 
water,  but  easily  in  alcohol,  ether,  and  oils  ;  it  is  heavier  than  water, 
has  an  aromatic  taste  and  odour,  and  a  very  feebly  alkaline  reaction. 
At  104°  (40°C)  it  melts,  and  at  388^  (198°C),  boils  and  distils  un- 
changed ;  it  forms  a  series  of  beautiful  crystallizable  salts. 

Xylidine,  C,eH,,N  =  N(H2,C,6Hg)=N(H2Xyl).  Of  this  com- 
pound little  more  than  its  existence  is  known. 

CUMIDINE,  C18H13N  =  N(  H  2,C  laHj  j)  =  NCH^Cyl).— This  substance 
is  an  oil  which  boils  at  437°  (225°C).  It  forms  magnificent  salts 
with  the  acids. 

The  following  two  bases  are  likewise  closely  allied  to  the  group  of 
aniline-bases,  both  by  their  mode  of  formation  and  by  their  constitu- 
tion. 

NAPHTHALiDiNEjCgoHgN  =  N(H2,C J0H7)  =N(H2Nyl) .— This  sub- 
stance is  interesting,  as  being  one  of  the  first  of  its  kind  produced 
by  Zinin's  process. 

It  is  obtained  by  the  action  of  sulphide  of  ammonium  upon  an 
alcoholic  solution  of  nitronaphthalase ,  one  of  the  numerous  products 
of  the  action  of  nitric  acid  upon  the  hydrocarbon  naphthalin,  which 
will  be  noticed  in  the  last  section  of  the  Manual,  When  pure  it 
forms  colourless  silky  needles,  fusible,  and  volatile  without  decompo- 
sition.   It  has  a  powerful,  not  disagreeable  odour  and  burning  taste, 
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is  nearly  insoluble  in  water,  but  readily  dissolves  in  alcohol  and 
ether ;  the  solution  has  no  alkaline  reaction.  Kaphthalidine  forms 
numerous  crystallizable  salts. 

Chloronicine,  Cio(HgCl)N  =  NH2,Cio(H4Cl). — A  substance  of 
the  above  composition  has  been  lately  discovered  by  Saint  Evre,  and 
deserves  special  notice,  because  it  may  be  viewed  as  a  chloro-sub- 
titute  of  the  natural  alkaloid  nicotine  (see  page  555),  which  con- 
tains CioHyN.  It  is  obtained  by  the  following  rather  complicated 
series  of  reactions.  A  stream  of  chlorine  is  passed  through  a  solution 
of  benzoate  of  potassa  to  which  some  free  alkali  has  been  added, 
when  a  deposit  forms  consisting  of  chlorate  of  potassa  and  the  potassa- 
salt  of  a  new  chlorinetted  acid  Ci2(H5Cl)03,HO.  This  acid,  which  is 
derived  from  benzoic  acid  by  the  removal  of  2  eq.  of  carbon  in  the 
form  of  carbonic  acid,  and  by  the  introduction  of  1  eq.  of  chlorine  in  the 
place  of  1  eq.  of  hydrogen,  has  received  the  name  of  chloroniceic  acid. 
It  forms  cauliflower-like  crystals,  fusible  at  302°  (150°C),  and  boiling 
at  419^  (215°C).  It  is  volatile  without  decomposition  ;  when  submitted 
to  distillation  with  lime  it  yields  a  chlorinetted  hydrocarbon  chloro- 
nicene,  Cio(H5Cl),  which  is  converted  into  nitrochloronicene,  C^(„{11^C\ 
NO4)  by  the  action  of  fuming  nitiic  acid.  This,  lastly,  when 
treated  with  sulphide  of  ammonium,  furnishes  chloronicine.  It  forms 
brown  flakes,  which  dissolve  in  a  great  deal  of  water  ;  the  solution 
however  has  no  alkaline  reaction.  It  forms  crystallizable  salts  with 
hydrochloric  and  acetic  acids,  and  a  fine  platiuum-salt.  The  perfect 
analogy  in  the  derivatives  from  chloroniceic  acid  to  that  of  aniline 
from  benzoic  acid,  is  obvious  from  the  following  table : — 

Benzoic  acid  C14H6O4  Chloroniceic  acid  Cig(H5Cl)04 

Benzol         CijHe  Chloronicene  CioCHjCl) 

Nitrobenzol  Ci2(H5N04)  Nitrochloronicene  Cio(H4ClN04) 

Aniline        CiaHs.HgN  Chloronicine  CioCH4Cl)H2N. 

Up  to  the  present  moment  chloronicine  has  not  yet  been  converted 
into  nicotine,  nor  has  nicotine  been  transformed  into  chloronicine. 

MIXED  BASES. 

In  one  of  the  preceding  paragraphs  it  has  been  mentioned  that  the 
several  hydrogen-equivalents  in  ammonium  may  be  replaced  by  different 
hydro-carbon  radicals.  In  fact,  on  treating  aniline  or  toluidine  with 
bromide,  or  iodide  of  ethyl,  as  described  imder  the  head  of  ethylamine, 
the  following  series  of  compounds  are  obtained : — 
Aniline  ^(HaPyl)  Toluidine  NCH^Tyl) 

Ethylaniline  N(HPylAe)  '  Ethylotoluidine  N(HTylAe) 
Biethylaniline  NCPylAcg)  Biethylotoluidine  NCTylAe^) 
Ammonium-base  N(PylAe3)0,H0Ammonium-base*N(TylAe3)0,H0. 

*  Unpublished  researches  of  Messrs.  E.  Morley  and  John  Abel. 
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BASES  OF  UNCERTAIN  CONSTITUTION. 

In  addition  to  the  artificial  bases  which  have  just  been  described, 
several  others  have  been  formed  by  processes  less  simple  and  less  cal- 
culated to  afford  a  clear  insight  into  their  constitution.  The  destruc- 
tive distillation  of  nitrogenous  substances  has  furnished  a  rich  harvest 
of  similar  substances.  A  few  of  the  most  interesting  may  be  briefly 
mentioned. 

Chinoleine  (Leucoline)  CisHgN.— Quinine,  cinchonine,  strych- 
nine, and  probably  other  bodies  of  this  class,  when  distillnd  with  a 
very  concentrated  solution  of  potassa,  yield  an  oily  product  resembling 
aniline  in  many  respects,  and  possessing  strong  basic  powers ;  it  is, 
however,  less  volatile  than  that  substance,  and  "boils  at  460°  (235°C). 
When  pure  it  is  colourless  and  has  a  faint  odour  of  bitter  almonds. 
Its  density  is  V081.  It  is  slightly  soluble  in  water,  and  miscible  in 
all  proportions  with  alcohol,  ether,  and  essential  oils.  Chinoleine  has 
no  alkaline  reaction,  but  forms  salts  with  acids,  which,  generally 
speaking,  do  not  crystallize  veiy  freely. 


Bases  from  Coal-tar  Oil. 

Kyanol  and  LEUKOL. — The  volatile  basic  bodies  described  under 
these  names  have  been  identified,  the  first  with  aniline  and  the  second 
with  chinoleine.  They  are  separated  from  the  coal-oil  by  agitating 
large  quantities  of  that  liquid  with  hydrochloric  or  diluted  sulphuric 
acid,  and  then  distilling  the  acid  liquid  with  excess  of  potassa  or  lime. 
They  are  readily  separated  by  distillation. 

PiCOLiNE,  C,2Hj.N. — Dr.  Anderson  has  described  under  the  fore- 
going name  a  third  volatile,  oily  base,  present  in  certain  varieties 
of  coal-tar-naphtha,  being  there  associated  with  aniline,  chinoleine, 
and  several  other  volatile  substances  but  imperfectly  understood.  It 
is  separated  without  difficulty  from  the  two  bases  mentioned  by  dis- 
tillation, in  virtue  of  its  superior  volatility.  Picoline,  when  pure,  is 
a  colourless,  transparent,  limpid  liquid,  of  powerful  and  persistent 
odour,  and  acrid,  bitter  taste.  It  is  unaffected  by  a  cold  of  0° 
(  — 17°-7C).  It  is  extremely  volatile,  evaporates  rapidly  in  the  air, 
and  does  not  become  brown  like  aniline  when  kept  in  an  ill-stopped 
bottle.  Picoline  has  a  sp.  gr.  of  0-955,  and  boils  at  272°  (133°-3C). 
It  mixes  in  all  proportions  with  pure  water,  but  is  insoluble  in  caustic 
potassa  and  most  saline  solutions.  The  alkalinity  of  this  substance 
is  exceedingly  well  marked;  it  restores  the  blue  colour  of  reddened 
litmus,  and  forms  a  series  of  crystallizable  salts.  This  substance,  as 
seen  from  the  above  formula,  is  isomeric  with  aniline,  but  numerous 
characteristic  reactions  completely  distinguish  it  from  this  body. 


BASES  OF  UNCERTAIN  CONSTITUTION. 


575 


Bases  from  Animal  Oil. 

The  oily  liquid  obtained  by  the  distillation  of  bones  and  animal 
matter  generally,  frequently  designated  by  the  term  Dippel's  oil,  con- 
tains several  volatile  organic  bases.  Together  with  some  of  the  sub- 
stances already  described,  such  as  methyiamine,  ethylamine,  picoline, 
and  aniline,  Dr.  Anderson  has  found  in  it  a  peculiar  base. 

Petinine,  CgHiiN.— The  properties  of  this  substance  are  very 
analogous  to  those  of  biethylamine  and  trietliylamine.  It  has  the 
same ''composition  as  biethylamine,  but  differs  from  it  by  its  higher 
boiling-point,  which  is  175°  (79°-5C),  that  of  biethylamine  being 
133°  (55°C)  (see  page  563).  Some  chemists  are  inclined  to  explain 
this  difference  by  assuming  that  petinine  is  an  ammonia-base,  con- 
taining the  radical  huttjl,  which  was  mentioned  under  the  head  of  valeric 
acid  (see  page  477)  ;  in  one  word,  that  it  is  hutylumine  N(H2,C8Hg), 
homologous  to  ethylamine.  This  assumption  may  be  correct,  but  is 
not  as  yet  supported  by  any  experimental  evidence.  The  true  buty- 
lamine  has  lately  been  obtained  by  M.  Wurtz  from  butyl-alcohol  (page 
479),  in  the  same  manner  as  ethylamine  is  obtained  from  common 
alcohol  (page  562). 

Bases  obtained  by  the  action  of  Ammonia  upon  Volatile  Oils. 

FuRFURiNE. — When  sulphuric  acid  diluted  with  an  equal  bulk  of 
water  is  carefully  mixed  with  twice  its  weight  of  wheat-bran,  and  the 
adhesive  pasty  mass  obtained  exposed  in  a  proper  vessel  to  the  action 
of  a  current  of  steam,  which  is  afterwards  condensed  by  a  worm  or  re- 
frigerator, a  liquid  is  obtained  which  holds  in  solution  a  peculiar  vola- 
tile oil,  to  which  the  temi  furfurole  has  been  given.  By  re-distilla- 
tion several  times  repeated,  the  first  half  of  the  liquid  only  being  col- 
lected, the  furfurole  can  be  extracted  from  the  water,  and  then  by 
distillation  alone  obtained  in  a  state  of  purity.  It  has  a  pale  yellow 
colour,  and  a  fragrant  odour  like  that  of  oil  of  cassia;  its  specific 
gravity  is  1-165,  and  it  boils  at  325°  (162°-8C),  distilling  unchanged. 
It  dissolves  in  all  proportions  in  alcohol  and  to  a  very  considerable 
extent  in  water,  and  is  readily  destroyed  by  strong  acids  and  caustic 
alkalis,  especially  when  aided  by  heat.  Furfm-ole  contains  CjHgOg. 
The  specific  gravity  of  its  vapour  is  3*493. 

The  product  of  furfurole  is  very  greatly  increased,  and  the  operation 
much  facilitated,  by  previously  depriving  the  bran  of  all  starch,  glutin, 
and  soluble  matter,  by  steeping  it  in  a  cold  dilute  solution  of  caustic 
potassa,  and  washing  and  drying  by  gentle  heat  or  in  the  sun.  Mace- 
ration in  cold  water  for  some  time  answers  the  same  purpose,  owine 
to  the  lactic  acid  formed  in  that  case. 

In  contact  with  solution  of  ammonia,  furfurole  becomes  converted 
in  the  space  of  a  few  hours  into  a  yellowish-white,  crystalline,  insolu- 
ble substance,  furfurolamide,  CuHgNOg:  this  body  is  slowly  decom- 
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posed  in  contact  with  water,  and  instantly  by  an  acid  into  ammonia 
and  furfurole.  It  may  be  crystallized  from  alcohol,  however,  in 
which  it  dissolves  without  much  change.  When  boiled  with  a  some- 
what dilute  solution  of  caustic  potassa,  no  ammonia  is  disengaged,  but 
the  substance  is  slowly  dissolved  if  the  quantity  of  liquid  be  consider- 
able, and  the  solution  deposits  on  cooling  small,  wliite,  silky  needles 
of  a  substance  having  the  same  composition  as  furfurolamide  itself 
There  is  no  other  product.  This  new  body,  to  which  the  name  fur- 
furine  has  been  given,  is  a  powerful  organic  base,  forming  with  acids 
a  series  of  beautiful  crystallizable  salts,  and  decomposing  at  a  boiling 
heat  the  saline  compounds  of  ammonia.  Furfurine  is  very  sparingly 
soluble  in  cold  water,  but  dissolves  in  about  135  parts  at  212° 
(100°C).  Alcohol  and  ether  dissolve  it  freely ;  the  solutions  have  a 
strongly  alkaline  reaction.  It  melts  below  the  boiling-point  of  water, 
and  when  strongly  heated  inflames  and  burns  with  a  red  and  smoky 
light,  leaving  but  little  charcoal.  Its  salts  are  intensely  bitter.  Fur- 
furine contains  in  1  equivalent  CgoHjaNgOe.* 

FucusiNE. — By  treating  several  varieties  of  fucus  with  sulphuric 
acid  in  exactly  the  same  manner  as  in  the  preparation  of  fur- 
furole. Dr.  Stenhouse  obtained  a  series  of  substances,  which  he 
designates  by  the  terms  facusol,  fucusamide,  and  fucusine.  They 
have  exactly  the  same  composition  as  the  corresponding  terms  in  the 
furfurol-series,  and  also  most  of  their  properties,  but  differ  in  some 
details, 

Amarine  (benzoline).— The  hydrobenzamide  of  M.  Laurent, 
C4gH,8N2,  produced  by  the  action  of  ammonia  on  pure  bitter-almond 
oil  (see  page  490),  when  long  boiled  with  a  solution  of  caustic 
potassa,  suffers  the  same  kind  of  change  as  furfurolamide,  becoming 
entirely  converted  into  a  new  body  isomeric  with  hydrobenzamide, 
having  the  characters  of  a  salt  base,  and  to  which  the  preceding  name 
has  been  given.    Precipitated  by  ammonia  from  a  cold  solution  of  the 
liydrochlorate  or  sulphate,  amarine  separates  in  white  curdy  masses, 
which  when  washed  and  dried  become  greatly  reduced  in  volume.  In 
this  state  it  is  singularly  electric  by  friction  with  a  spatula.    It  is  in- 
soluble in  water,  but  dissolves  abundantly  in  alcohol ;  the  solution  is 
highly  alkaline  to  test-paper,  and  if  sufficiently  concentrated  deposits 
the  amarine  on  standing  in  the  form  of  small,  colourless,  prismatic 
crystals.    Below  212°  (100°C)  it  melts,  and  on  cooling  assumes  a 
glassy  or  resinous  condition.    Strongly  heated  in  a  retort  it  decom- 
poses with  production  of  ammonia,  and  a  volatile  oil  not  yet  examined, 
and  a  new  body,  pyrobenzolin,  which  appears  to  be  a  neutral  sub- 
stance, insoluble  in  water,  soluble  in  boiling  alcohol,  and  contain- 
ing a  large  quantity  of  nitrogen.    It  is  fusible  by  moderate  heat,  and 
an  cooling  becomes  a  mass  of  colourless  radiating  needles  or  plates. 
The  salts  of  amarine  are  mostly  sparingly  soluble ;  tlie  sulphate,  nitrate, 

»  This  remarfaible  substance,  tbe  nearest  approach  to  the  native  alkaloids 
yet  made,  was  discovered  by  the  author  of  this  Manual. — Kds. 
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and  hydrochlorate  are  crystallizable  and  very  definite.    Amarine  con- 
tains CjgHjgNj. 

Thiosinnamine. — The  .volatile  oil  distilled  from  black  mustard- 
seed,  CeHsNSg,,  which  will  be  noticed  forther  on,  in  contact  with 
solution  of  ammonia,  yields  a  compound  having  the  characters  of  an 
organic  base,  and  forming  colourless,  prismatic  crystals,  bitter  in  taste 
and  soluble  in  water.  The  solution  does  not  aftect  test-paper.  It 
melts  when  heated,  but  cannot  be  sublimed.  Acids  combine  with  it, 
but  form  no  crystallizable  salts :  the  double  salts  of  the  hydi'ochlorate 
with  bichloride  of  platinum  and  corrosive  sublimate  are  the  most  defi- 
nite. This  substance  contains  sulphur ;  its  formula  is  CaHgNgSg.  It 
is  the  only  product  of  the  action  of  ammonia  on  the  oil. 

Thiosinnamine  is  decomposed  by  metallic  oxides,  as  protoxide  of 
lead,  with  production  of  a  metallic  sulphide  and  a  new  body  of  basic 
properties,  free  from  sulpliur,  called  sinnainine.  This  latter  sub- 
stance crystallizes  very  slowly  from  a  concentrated  aqueous  solution 
in  brilliant,  colourless  crystals  which  contain  water.  It  has  a  power- 
fully bitter  taste,  is  strongly  alkaline  to  test-paper,  and  decomposes  am-  • 
moniacal  salts  by  boiling.  With  the  exception  of  the  oxalate,  it  forms 
no  crystallizable  salts.  Sinnamine  contains  in  the  crystallized  state 
C8H6Ni.,H0. 

When  mustard-oil  is  treated  with  protoxide  of  lead  or  baryta,  the 
whole  of  the  sulphur  is  withdrawn,  and  carbonic  acid  and  another 
basic  substance  produced,  which,  when  pure,  crystallizes  in  colourless 
plates,  soluble  in  water  and  in  alcohol ;  the  solution  has  a  distinctly 
alkaline  reaction.  Sinapoline,  the  body  so  formed,  contains  CwH.g 
NgO,. 


Bases  from  Aldehyde. 

Thialdine. — The  crystalline  compound  of  aldehyde  with  ammonia 
(see  page  448)  is  dissolved  in  12  to  16  parts  of  water,  mixed  with  a 
few  drops  of  caustic  ammonia,  and  then  the  whole  subjected  to  a 
feeble  stream  of  sulphuretted  hydrogen.  After  a  time  the  liquid 
becomes  turbid,  and  deposits  a  white  crystalline  substance,  which  is 
the  body  in  question.  It  is  separated,  washed,  dissolved  in  ether, 
and  the  solution  mixed  with  alcohol  and  left  to  evaporate  sponta- 
neously, by  which  meims  the  base  is  obtained  in  large,  retnilar 
rhombic  crystals,  having  the  figure  of  those  of  common  gypsum' 
The  crystals  are  heavier  than  water,  transparent  and  colourless' 
They  refract  light  strongly.  The  substance  has  a  somewhat  aromatic 
odour,  melts  at  110°  (43°-3C),  and  volatilizes  slowly  at  common  tem- 
peratures. It  distils  unchanged  with  the  vapour  of  water  but 
decomposes  when  heated  alone.  It  is  very  spaiino-ly  soluble  in 
water,  easily  in  alcohol  and  ether.  It  has  no  action  on  veo-etable 
colours,  but  dissolves  freely  in  acids,  forming  crystallizable"  salts 
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Heated  with  hydrate  of  lime  it  yields  chinoleine.    Thialdine  contains 

A  very  similar  compound  containing  selenium  exists. 

Alanine. — This  substance  is  likewise  ohtained  from  aldehyde.  It 
has  been  only  recently  discovered  by  Strecker,  who  obtained  it  in  a 
reaction,  which  promises  many  interesting  results.  If  an  aqueous 
solution  of  the  ammonia-compound  of  aldehyde  be  treated  with 
hydrocyanic  and  hydrochloric  acid,  chloride  of  ammonium  is  formed, 
together  with  hydi'ochlorate  of  alanine.  On  adding  to  this  solution  a 
mixture  of  alcohol  and  ether,  the  greater  portion  of  the  chloride  of 
ammonium  is  precipitated  ;  the  filtrate  is  then  ti-eated  with  protoxide 
of  lead  to  remove  a  small  quantity  of  ammonium  and  hydrochloric 
acid,  and  separated  from  the  lead  by  sulphuretted  hydrogen.  The 
liquid  thus  obtained  deposits  feathery  crystals  of  alanine.  The  com- 
position of  alanine  is  CgHyNO^,  and  its  formation  represented  by  the 
equation ; — 

C4H4O2    +    HCgN    +    2H0  =  C8H7NO4 

Aldehyde.    Hydrocyaaic  Alanine, 
acid. 

Alanine  ciystallizes  in  rhombic  prisms  of  the  lustre  of  mother-of-pearl. 
They  are  pretty  soluble  in  cold,  but  more  so  in  boiling  water;  they 
dissolve  but  little  in  alcohol,  and  not  at  all  in  ether ;  the  solution 
has  a  sweetish  taste,  but  no  effect  upon  vegetable  colours.  Alanine 
is  a  weak  base :  as  yet  only  a  crystalline  nitrate  has  been  ohtained, 
but  several  combinations  with  metallic  oxides  have  been  produced. 
This  substance  has  the  same  composition  as  lactamide  (see  page  422), 
urethane  (see  page  431),  and  saicosine,  which  will  be  described  in 
the  section  on  the  Components  of  the  Animal  Body.  But  it  is  only 
isomeric  with  these  substances  from  which  it  differs  in  its  physical  and 
chemical  properties.  The  most  interestmg  featui-e  in  the  liistory  of 
alanine  is  its  behaviour  with  nitrous  acid.  Under  the  influence  of  this 
reagent  it  is  converted  into  lactic  acid,  identical  in  every  respect  with 
that  obtained  in  the  fermentation  of  sugar  (see  page  420 ).  This  reac- 
tion is  represented  by  the  following  equation  : — 

CsH.NO^    +    NO3    =    CeH,0„HO    +    2N  +  H0 

Alanine.  Lactic  acid. 
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All  the  numerous  members  of  this  extensive  group  which  liave 
been  considered  in  the  preceding  section,  invariably  confciin  nitro- 
o-en.  Recent  researches,  however,  have  shown  that  two  series  of 
analogous  substances  exist  which  contain  plios]ihorus  and  antimony. 
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in  the  place  of  nitrogen.  These  remarkable  compounds,  which  are 
not  yet  sufficiently  known,  will  be  briefly  noticed  in  the  subsequent 
pai-agraphs. 

Phospliorus-hases. 

If  a  current  of  chloride  of  methyl  ( see  page  465)  be  passed  over 
a  layer  of  phosphide  of  calcium  (see  page  281),  heated  to  about  356° 
(180°C),  a  mixture  of  several  phosphoretted  bodies  is  produced, 
which  are  partly  liquid  and  partly  solid.  M.  Paul  The'nard,  who 
has  investigated  this  subject,  has  separated  from  this  mixture  three 
compounds,  containing  carbon,  hydrogen,  and  phosphorus,  which  he 
believes  to  correspond  to  the  three  hydrides  of  phosphorus  (see  page 
186). 

Phosphoretted  Phosphoretted 
hydrogens.  methyl-bodies 

PgH  P2C2H3  =  P2Me 

PHg  P2C2H3  =  PMe2 

PH3  P3C2H3  =  PMe3. 

As  far  as  can  be  seen  from  the  results  obtained  by  M.  The'nard, 
which  have  not  yet  been  published  in  detail,  the  two  last  substances 
are  powerful  bases  analogous  to  the  bases  of  the  nitrogen-series. 
These  substances  are  very  readily  decomposed,  one  of  them  is  even 
spontaneously  inflammable,  so  that  their  preparation  and  study  have 
been  attended  with  great  difficulty  and  even  danger — circumstances 
which  sufficiently  account  for  the  insufficiency  of  the  description.  It 
is  evident  that  the  last  body  is  the  phosphoretted  analogue  of  tri- 
methylamine,  triethylamine,  and  triamylamine,  and  the  question 
arises  whether  the  second  may  not  be  viewed  as  the  phosphoretted 
bimethylamine,  and  whether  farther  researches  will  not  establish  the 
existence  of  the  whole  series  of  the  phosphoretted  bases  corresponding 
to  the  compound  ammonias  previously  described. 


Aniiinony-hases. 

Among  the  derivatives  of  alcohol,  a  compound  of  antimony  with 
3  eq.  of  ethyl  has  been  briefly  noticed  (see  page  447)  under  the  name 
of  stihethyl.  The  composition  of  this  remarkable  compound  approxi- 
mates it  to  triethylamine. 

Triethylamine.  NAe3    ....    {  }sbAe3. 

A  closer  examination  has  shown  that  this  substance  differs  in  many 
points  from  triethylamine ;  but  that,  in  one  very  essential  character, 
the  two  substances  agree  in  the  most  perfect  manner. 

The  properties  of  stibethyl  are  the  following :  it  is  a  transparent, 
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very  mobile  liquid,  of  a  penetrating  odour  of  onions.  It  boils  at  317  ~ 
(158°'3C).  In  contact  with  atmospheric  air,  it  emits  a  dense  white 
fnme,  and  frequently  even  takes  iire,  burning  with  a  white  brilliant 
flame.  It  combines  directly  with  2  eq.  of  oxygen,  sulphur,  chlorine, 
and  iodine. 

Binoxidc  of  stihethjl,  SbAe^Oj,  forms  a  viscid  transparent  mass 
soluble  in  water  and  alcohol.  It  is  extremely  bitter  and  not  poisonous. 
This  substance  cannot  be  volatilized  without  decomposition.  Binoxide 
of  stibethyl  combines  with  acids,  giving  rise  to  the  formation  of  crys- 
tallizable  salts  containing  2  eq.  of  acid. 

Bisulphide  of  stibethijl,  SbAe.^Sj. — Beautiful  crystals  of  silvery 
lustre,  soluble  in  water  and  alcohol.  Their  taste  is  bitter,  and  their 
odour  similar  to  that  of  mercaptan.  The  solution  of  this  compound 
exhibits  the  deportment  of  an  alkaline  sulphide ;  it  pi'ecipitates  the 
solution  of  the  metals  as  sulphides,  a  soluble  salt  of  stibethyl  being 
formed  at  the  same  time.  This  deportment,  indeed,  affords  the 
simplest  means  of  preparing  the  salts  of  stibethyl. 

Bichloride  of  stibethyl,  .SbAegCla.  — Colourless  liquid  of  the  odour  of 
oil  of  turpentine. 

Biniodide  of  stihethjl,  SbAeglj. — Colourless  needles  of  intensely 
bitter  taste. 

The  analogy  of  stibethyl  with  triethylamine  is  best  exhibited  in 
its  deportment  with  iodide  of  ethyl.  The  two  substances  combine 
to  a  new  iodide,  containing  SbAe^l,  from  which  a  powerful  alkaline 
base  may  be  separated  by  the  action  of  protoxide  of  silver.  This 
substance,  which  must  evidently  be  analogous  to  oxide  of  tetrethyl- 
ammonium, 

NAe,0,HO  SbAe^O.HO, 

has  not  yet  been  minutely  examined. 

A  series  of  analogous  substances  exist  in  the  methyl-series.  They 
have  been  examined  by  M.  Landolt,  who  has  described  several  of  its 
compounds,  and  separated  the  methyPantimony-base  corresponding  to 
oxide  of  tetrethyl-amraonium. 

The  iodide,  SbMe^I,  pi-oduced  by  the  action  of  iodide  of  methyl 
upon  stibmethyl,  crystallizes  in  white  six-sided  tables,  which  are 
easily  soluble  in  water  and  alcohol,  and  slightly  soluble  in  ether.  It 
has  a  very  bitter  taste,  and  is  decomposed  by  the  action  of  heat. 
When  treated  with  protoxide  of  silver,  it  yields  a  powerfully  alkaline 
solution,  exhibiting  all  the  properties  of  potassa,  from  which,  on  eva- 
poration, a  white  crystalline  mass,  the  hydrate  of  the  base,  SbMe^O.HO, 
crystallizes.  This  compound  forms  an  acid  salt  with  sulphuric  acid, 
which  crystallizes  in  tables.    It  contains  SbMejO,S03-|-HO,S03. 
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SECTION  VI. 
OKGANIC  COLOURING  PRINCIPLES. 


The  organic  colouring  principles  are  substances  of  very  considerable 
practical  importance  in  relation  to  the  arts :  several  of  them,  too,  have 
been  made  the  subjects  of  extensive  and  successful  chemical  investiga- 
tion. With  the  exception  of  one  red  dye,  cochineal,  they  are  all  of 
vegetable  origin. 

The  art  of  dyeing  is  founded  upon  an  affinity  or  attraction  existing 
between  the  colouring  matter  of  the  dye  and  the  fibre  of  the  fabric. 
In  woollen  and  silk  this  affinity  is  usually  very  considerable,  and  to 
such  tissues  a  permanent  stain  is  very  easily  communicated,  but  with 
cotton  and  flax  it  is  much  weaker.  Recourse  is  then  had  to  a  third 
substance,  which  does  possess  in  a  high  degree  such  affinity,  and  with 
this  the  cloth  is  impregnated.  Alumina,  sesquioxide  of  iron,  and 
oxide  of  tin  are  bodies  of  this  class. 

When  an  infusion  of  some  dye-wood,  as  logwood,  for  example,  is 
mixed  with  alum  and  a  little  alkali,  a  precipitate  falls,  consisting  of 
alumina  in  combination  with  colouring  matter,  called  a  hike ;  it  is  by 
the  formation  of  this  insoluble  substance  within  the  fibre  that  a  per- 
manent dyeing  of  the  cloth  is  effected.  Such  applications  are  termed 
mordants.  Sesquioxide  of  iron  usually  gives  rise  to  dull,  heavy 
colours;  alumina  and  oxide  of  tin,  especially  the  latter,  to  brilliant 
ones.  It  is  easy  to  see  that,  by  applying  the  mordant  partially  to 
the  cloth,  by  a  wood-block  or  otherwise,  a  pattern  may  be  produced, 
as  the  colour  will  be  removed  by  washing  from  the  other  portions. 


INDIGO. 

Indigo  is  the  most  important  member  of  the  group  of  blue  colouring 
matters.  It  is  the  product  of  several  species  of  the  genus  indigofera, 
which  grow  principally  in  warm  climates.  When  the  leaves  of  these 
plants  are  placed  in  a  vessel  of  water  and  allowed  to  ferment,  a  yellow 
substance  is  dissolved  out,  which  by  contact  of  air  becomes  deep  blue 
and  insoluble,  and  finally  precipitates.  This,  washed  and  carefully 
dried,  constitutes  the  indigo  of  commerce.  It  is  not  contained  ready- 
formed  in  the  plant,  but  is  produced  by  the  oxidation  of  some  sub- 
stance there  present.    Neither  is  the  fennentation  essential,  as  a  mere 
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infusion  of  the  plant  in  hot  water  deposits  indigo  by  standing  in  the 
air. 

Indigo  conies  into  the  market  in  the  form  of  cubic  cakes,  which, 
rubbed  with  a  hard  body,  exhibit  a  copper-red  a]5pearance ;  its  powder 
has  an  intensely  deep-blue  tint.  The  best  is  so  light  as  to  swim  upon 
water.  In  addition  to  the  blue  colouring  matter,  or  true  indigo,  it 
contains  at  least  half  its  weight  of  various  impurities,  among  which 
may  be  noticed  a  red  resinous  matter,  the  indigo-red  of  Berzelius ; 
these  may  be  extracted  by  boiling  the  powdered  indigo  in  dilute  acid, 
alkali,  and  afterwards  in  alcohol. 

Pure  indigo  is  quite  insoluble  in  water,  alcohol,  oils,  dilute  acids,  and 
alkalis ;  it  dissolves  in  about  15  parts  of  concentrated  sulphuric  acid, 
foi-ming  a  deep-blue  pasty  mass,  entirely  soluble  in  water,  and  often 
used  in  dyeing :  this  is  sulphindylic  or  sulphindigotic  acid,  a  com- 
pound analogous  to  sulphovinic  acid,  capable  of  forming  with  alkaline 
bases  blue  salts,  which,  although  easily  soluble  in  pure  water,  are 
insoluble  in  saline  solutions.  If  an  insufficient  quantity  of  sulphuric 
acid  has  been  employed,  or  digestion  not  long  enough  continued,  a 
purple  powder  is  left  on  diluting  the  acid  mass,  soluble  in  a  large 
quantity  of  pure  water.  The  Noi'dhausen  acid  answers  far  better  for 
dissolving  indigo  than  ordinary  oil  of  vitriol.  Indigo  may,  by  cau- 
tious management,  be  volatilized  ;  it  forms  a  fine  purple  vapour, 
which  condenses  in  brilliant  copper-coloured  needles.  The  best 
method  of  subliming  this  substance  is,  according  to  Mr.  Taylor,  to 
mix  it  with  plaster  of  Paris,  make  the  whole  into  a  paste  with  water, 
and  spread  it  upon  an  iron  plate.  1  part  indigo,  and  2  parts  plaster, 
answer  very  well.  This,  when  quite  dry,  is  heated  by  a  spirit-lamp; 
the  volatilization  of  the  indigo  is  aided  by  the  vapour  of  water  dis- 
engaged from  the  gypsum,  and  the  surface  of  the  mass  becomes 
covered  with  beautiful  crystals  of  pure  indigo,  which  may  be  easily 
removed  by  a  thin  spatula.  At  a  higher  temperature,  charring  and 
decomposition  take  place. 

In  contact  with  deoxidizing  agents,  and  with  an  alkali,  indigo 
suffers, a  very  curious  change  ;  it  becomes  soluble  and  nearly  colour- 
less, perhaps  returning  to  the  same  state  in  which  it  existed  in  the 
plant.  It  is  on  this  principle  that  the  dyer  prepares  his  indigo-vat: — 
5  parts  of  powdered  indigo,  10  parts  of  green  vitriol,  15  parts  of 
hydrate  of  lime,  and  60  parts  of  water,  are  agitated  together  in  a 
close  vessel,  and  then  left  to  stand.  The  hydrated  protoxide  of  iron, 
in  conjunction  with  the  excess  of  lime,  reduces  the  indigo  to  the 
soluble  state;  a  yellowish  liquid  is  produced,  from  which  acids  pre- 
cipitate the  white  or  deoxidized  indigo  as  a  flocculent  insoluble  sub- 
stance, which  absorbs  oxygen  with  the  greatest  avidity,  and  becomes 
blue.  Cloth,  steeped  in  the  alkaline  liquid,  and  then  exposed  to  the 
air,  acquires  a  deep  and  most  permanent  blue  tint  by  the  deposition 
of  solid  insoluble  indigo  in  the  substance  of  the  fibre.  Instead  of 
the  iron  salt  and  lime,  a  mixture  of  dilute  caustic  soda  and  grape- 
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sugar  dissolved  in  alcoliol  may  be  used ;  the  sugar  becomes  oxidized 
to  formic  acid,  and  the  indigo  reduced.  On  allowing  a  solution  of 
this  description  to  remain  in  contact  with  the  air,  it  absorbs  oxygen 
and  deposits  the  indigo  in  the  crystalline  condition. 

The  following  formulae  represent  the  composition  of  the  bodies 
described : — 

Blue  insoluble  indigo  .  .  CigHjN  O2 
White,  or  reduced  indigo*  .  CigHgN  Oj 
Sulphindylic  acid   .       .       .    CieH^N  0,2S03,  HO. 


Products  of  the  Decomposition  of  Indigo. 

« 

The  products  of  the  destructive  modification  of  indigo  by  powerful 
chemical  agents  of  an  oxidizing  nature  are  both  numerous  and  inte- 
resting, inasmuch  as  they  connect  this  substance  in  a  very  curious 
manner  with  several  other  groups  of  organic  bodies,  especially  with 
those  of  the  salicyl-  and  phenyl-series.  Many  of  them  ai'e  exceed- 
ingly beautiful,  and  possess  very  remarkable  properties. 

IsATiN. — One  part  of  indigo  reduced  to  fine  powder,  and  rubbed 
to  a  paste  with  water,  is  gently  heated  with  a  mixture  of  one  part  of 
sulphuric  acid  and  one  part  of  bichromate  of  potassa  dissolved  in  20 
or  30  parts  of  water.  The  indigo  dissolves  with  very  slight  disen- 
gagement of  carbonic  acid  towards  the  end,  foi-ming  a  yellow-brown 
solution,  which,  on  standing,  deposits  impure  isatin  in  crystals.  These 
are  collected,  slightly  washed  and  re-dissolved  in  boiling  water :  the 
filtered  solution  deposits  on  cooling  the  isatin  in  a  state  of  purity. 
Or,  powdered  indigo  may  be  mixed  with  water  to  a  thin  paste,  heated 
to  the  boiling-point  in  a  lai'ge  capsule,  and  nitric  acid  added  by  small 
portions  until  the  colour  disappears;  the  whole  is  then  largely  diluted 
with  boiling  water,  and  filtered.  The  impui-e  isatin  which  separates 
on  cooling  is  washed  with  water  containing  a  little  ammonia,  and  re- 
crystallized.  Both  these  processes  require  careful  management,  or 
the  oxidizing  action  proceeds  too  far,  and  the  product  is  destroyed. 

Isatin  forms  deep  yellowish-red  prismatic  crystals  of  great  beauty 
and  lustre ;  It  is  sparingly  soluble  in  cold  water,  freely  in  boiling 
water,  and  also  in  alcohol.  The  solution  colours  the  skin  yellow, 
and  causes  it  to  emit  a  very  disagreeable   odour.    It  cannot  be 

*  Properly  hydrogenized  indigo,  if  the  above  be  the  correct  view  •  white 
indigo  may,  however,  be  viewed  as  a  hydrate,  and  blue  indigo  as  an  oxide 
of  one  and  the  same  substance.  ' 

White  indigo       .         ,         .   C16H5K  0+HO 
Blue  indigo  .        .        .        CjaHsN  0+0. 
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sublimed.  Isatin  contains  the  elements  of  indigo  plus  2  eq.  of 
oxygen,  or  CieHjNO^. 

A  solution  of  potassa  dissolves  isatin  with  purple  colour  ;  from 
this  solution  acids  precipitate  the  isatin  unchanged.  When  boiled, 
however,  the  colour  is  destroyed,  and  the  liquid  furnishes  on  evapo- 
ration ciystals  of  the  potassa-salt  of  a  new  acid,  the  isatic,  con- 
taining CigHgNOjjHO.  In  the  free  state  this  is  a  white  and  imper- 
fectly crystalline  powder,  soluble  in  water,  and  easily  decomposed 
into  isatin  and  water. 

By  chlorine  isatin  is  converted  into  the  substitution-product  chlor- 
isatin,  Cig(H4Cl)N04,  a  body  closely  resembling  isatin  itself  in  pro- 
perties. If  an  alcoholic  solution  and  excess  of  chlorine  be  employed, 
other  products  make  their  appearance,  as  chloranile,  CjgCl^O^,  tri- 
chlorophenol,  G i2{Yi.^C\^)0 and  a  resinous  substance.  The  former 
of  these  substances,  the  position  of  which  in  the  kinone-series  has 
been  already  noticed  (page  554),  yields  other  products  with  potassa 
and  ammonia.  Bromisatin  is  easily  formed.  The  change  which 
isatin,  and  its  clilorinetted  and  brominetted  congeners,  undergo  when 
submitted  to  the  action  of  fusing  hydrate  of  potassa  has  been  already 
considered  in  the  section  on  the  A  rtificial  Organic  Bases  (see  page  568). 

Exposed  to  the  action  of  suljshuretted  hydi'Ogen  and  sulphide  of 
amrnonium,  isatin  furnishes  several  new  compounds,  as  isathyde, 
sulfesathyde,  sulfasathyde. 

A  hot  solution  of  isatin,  when  treated  with  sulphide  of  ammonium, 
gives  rise  to  a  deposit  of  sulphur,  a  white  crystallized  substance 
being  produced  at  the  same  time  ;  it  has  received  the  name  of  isathyde, 
and  contains  CjgHgNO^.  It  is  obvious  that  it  bears  to  isatin  the 
same  relation  as  white  to  blue  indigo.  If  the  sulphide  of  ammonium 
be  replaced  by  sulphuretted  hydrogen,  Usidphisatkyde,  CigHgNOgSg, 
is  produced,  which  is  the  former,  2  eq.  of  oxygen,  being  replaced 
by  2  eq.  of  sulphur.  An  alcoholic  solution  of  potassa  converts 
this  into  sidpMscdhyde,  CigHgNOgS,  in  which  only  one  quarter  of  the 
oxygen  in  isatin  is  replaced  by  sulphur.  Under  the  influence  of 
cold  aqueous  solution  of  potassa,  bisulphisathyde  yields  indin, 
CigHgNOa,  which  is  isomeric  with  white  indigo.  When  treated  with 
boiling  potassa,  indin  fixes  the  elements  of  2  eq.  of  water,  and 
becom^es  indie  acid,  CigH^NOgjIIO,  the  potassa-salt  of  which  fonus 
fine  black  needles. 

Ammoniacal  gas  and  solution  of  ammonia  yield  with  isatin  a  series 
of  interesting  substances,  containing  the  nitrogen  of  the  ammonia  in 
addition  to  that  of  the  isatin. 

Action  of  CfiLORiNE  on  indigo.— In  the  dry  state  chlorine  has 
no  action  whatever  on  indigo,  even  at  the  temperature  of  212° 
(100°C).  In  contact  with  water,  the  blue  colour  is  instantly 
destroyed,  and  cannot  again  be  restoi-ed.  The  same  thing  happens 
with  the  blue  solution  of  sulpliiudylic  acid.  When  chlorine  is  passed 
into  a  mixtm-e  of  powdered  indigo  and  water  until  the  colour  dis- 
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appears,  and  the  product  is  then  distilled  in  a  retort,  water  contain- 
ing hydrochloric  acid  and  a  mixture  of  two  volatile  bodies,  trichlo- 
raniline,  Ci2(H4Cl3)N,  and  trichlorophenol,  CigCHaClg)©^,  pass  over 
into  the  receiver,  while  the  residue  in  the  retort  is  found  to  contain 
chlorisatin,  already  mentioned,  and  hichlorisatin,  Cig(H3C]2)N04, 
much  resembling  the  former  but  more  freely  soluble  in  alcohol, 
Both  these  bodies  yield  acids  in  contact  with  boiling  solution  of 
potassa,  by  assimilating  the  elements  of  water. 

The  action  of  bromine  on  indigo  is  veiy  similar. 

Anilic  and  picric  acids. — Anilic  or  indigotic  acid  is  prepared 
by  adding  powdered  indigo  to  a  boiling  mixture  of  1  part  of  nitric 
acid  and  10  parts  of  water,  until  the  disengagement  of  gas  ceases, 
filtering  the  hot  dark-coloured  liquid,  and  allowing  it  to  stand.  The 
impure  anilic  acid  so  obtained  is  converted  into  the  lead-salt,  which  is 
purified  by  crystallization  and  the  use  of  animal  charcoal,  and  then 
decomposed  by  sulphuric  acid.  Anilic  acid  forms  fine  white  or  yel- 
lowish needles,  which  have  a  feebly  acid  taste,  and  very  sparing  degree 
of  solubility  in  cold  water.  In  hot  water  and  in  alcohol  it  dissolves 
easily.  It  melts  when  heated,  and  on  cooling  assumes  a  crystalline 
structure.  By  careful  management  it  may  be  sublimed  unchanged. 
Anilic  acid  contains  Ci^H^NOg.HO  =  Ci4(H^N04)05,HO.  It  has 
been  mentioned  that  the  same  acid  is  readily  prepared  from  salicylic 
acid  (see  p.  497).  Hence  it  is  more  appropriately  called  nitro-salicylic 
acid. 

Picric,  carbazotic,  or  nitrophenisic  acid,  is  one  of  the  ultimate  pro- 
ducts of  the  action  of  nitric  acid  upon  indigo  and  numerous  other 
substances,  as  silk,  wool,  several  resins,  especially  that  of  Xantho- 
rhcea  hastUis  (yellow  gum  of  Botany  Bay),  salicin  and  some  of  its 
derivatives,  cumarin,  and  certain  bodies  belonging  to  the  pheuyl- 
series.  It  may  be  prepared  from  indigo  by  adding  that  substance  in 
coarse  powder,  and  by  small  portions  to  10  or  12  times  its  weight 
of  boiling  nitric  acid  of  sp.  gr.  1-43.  When  the  last  of  the  indigo 
has  been  added,  and  the  action,  at  first  extremely  violent,  has  become 
moderated,  an  additional  quantity  of  nitric  acid  may  be  poured  upon 
the  mixture,  and  the  boiling  kept  up  imtil  the  evolution  of  red  fumes 
nearly  ceases.  When  cold,  the  impure  picric  acid  obtained  may  be 
removed,  converted  into  potassa-salt,  several  times  re-crystaUized 
and,  lastly,  decomposed  by  nitric  acid.  In  the  pure  state  it  forms 
beautiful  pale-yellow  scaly  crystals,  but  slightly  soluble  in  cold  water, 
and  of  insiipportably  bitter  taste.  Picric  acid  is  used  in  dyeing  ;  it 
forms  a  series  of  crystallizable  salts  of  a  yellow  or  orano-e  colour  :  that 
of  potassa  forms  brilliant  needles,  and  is  so  little  soluble  in  cold 
water,  that  a  solution  of  picric  acid  is  occasionally  used  as  a  pre- 
cipitant for  that  base.  The  alkaline  salts  of  this  acid  explode  by 
heat  with  extraordinary  violence.  The  cryst;ils  of  picric  acid  con- 
tain CiaH^NgOj^^HO.  ^ 

If  a  solution  of  picric  acid  be  distilled  with  hypochlorite  of  lime, 
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or  a  mixture  of  chlorate  of  potassa  and  liydrochloric  acid,  an  oily 
liquid  of  a  penetrating  odour  is  obtained,  having  a  sp.  gr.  of  1-665, 
and  boiling  between  287°  and  239°  (114°  and  115°C).  This  substance,' 
chlompicrin,  wa^  discovered  by  Stenhouse,  who  gives  the  foiinula 
C^Clj-NgOio;  MM.  Gerhardt  and  Cahours  assign  to  it  the  formula 
C2CI3NO4.  Accoi  ding  to  the  latter  formula,  which  is  more  probable, 
chloropicrin  would  be  chlorofonn,  in  which  the  hydrogen  is  replaced 
by  the  elements  of  hyponitric  acid. 

Chloroform  C2(HCl3);  Chloropicrin  CjCNO^Clg). 

Products  of  the  action  of  hydrate  of  potassa  dpon  indigo. 
— One  of  the  most  remarkable  of  these,  aniline,  has  been  already 
described  (see  page  566).  When  powdered  indigo  is  boiled  with 
a  very  concentrated  solution  of  caustic  potassa,  it  is  gradually  dis- 
solved, with  the  exception  of  some  brownish  flocculent  matter,  and 
the  liquid  on  cooling  deposits  yellow  crystals  of  the  potassa-salt  of 
a  new  acid,  the  chrysanilic,  which  can  be  procured  in  a  purer  state, 
by  dissolving  the  crystals  in  water,  filtering  from  reproduced  indigo, 
and  adding  a  slight  excess  of  mineral  acid.  Chrysanilic  acid  can  be 
obtained  in  indistinct  crystals  from  weak  alcohol  :  it  is  supposed  to 
contain  C^sHjoNgOsjHO  ;  but  it  is  very  probable  that  it  is  a  mixture 
of  several  substances,  especially  isatic  acid. 

"When  this  substance  is  boiled  with  mineral  acids,  it  is  decomposed 
into  another  new  acid,  the  anthranilic,  which  remains  in  solution, 
and  a  blue  insoluble  matter  resembling  indigo  :  a  similar  effect  is 
slowly  produced  by  the  action  of  the  air  upon  an  alcoholic  solution 
of  chrysanilic  acid.  Anthranilic  acid  is  colourless,  sparingly  soluble 
in  cold  water,  easily  soluble  in  alcohol.  It  melts  when  heated, 
sublimes  under  favourable  circumstances,  but  decomposes  entirely 
when  heated  in  a  narrow  tube  into  carbonic  acid  and  aniline.  It 
contains  Cj4HgN03,H0.  By  treatment  with  nitrous  acid,  anthranilic 
acid  is  converted  into  salicylic  acid,  Ci^HgNOg,  HO  -f  NO3  = 
Ci4H505,H0  +  HO  +  2N. 

According  to  M.  Cahours,  pure  indigo  can  also  be  converted  into 
salicylic  acid  by  fusion  with  hydrate  of  potassa  :  a  particular  tem- 
perature is  required,  somewhat  above  570"  (298"C),and  the  operation 
is  by  no  means  always  successful. 


LICHENS. 

Litmus  is  used  by  the  dyer  as  a  red  colouring  matter ;  the  chemist 
employs  it  in  the  blue  state  as  a  test  for  the  presence  of  acid,  by  which 
it  is  instantly  reddened. 

In  preparing  test-papers  for  chemical  use  with  infusion  of  litmus, 
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good  writing  or  drawing  paper,  free  from  alum  and  other  acid  salts, 
should  be  chosen.  Those  sheets  which  after  drying  exhibit  red  spots, 
or  patches,  may  be  reddened  completely  by  a  little  dilute  acetic  acid, 
and  used,  with  much  greater  advantange  than  turmeric-paper,  to  dis- 
cover the  presence  of  free  alkali,  which  restores  the  blue  colour.  _ 

Many  lichens,  when  exposed  in  a  moistened  state  to  the  action  of 
ammonia,  yield  purple  or  blue  colouring  principles,  which,  like 
indigo,  do  not  pre-exist  in  the  plant  itself.  Thus,  the  Roccella  tinc- 
toria,  the  Variolaria  orcina,  the  Lecanora  tartarea,  &c.,  when 
ground  to  paste  with  water,  mixed  with  putrid  urine  or  solution  of 
carbonate  of  ammonia,  and  left  for  some  time  freely  exposed  to  the  air, 
furnish  the  archil,  litmus,  and  cudbear  of  commerce,  very  similar 
substances,  diftering  chiefly  in  the  details  of  the  preparation.  From 
these  the  colouring  matter  is  easily  extracted  by  water  or  very  dilute 
solution  of  ammonia. 

The  lichens  have  been  extensively  examined  by  Schunk,  Stenhouse, 
and  several  other  chemists.  The  whole  subject  has  been  lately  re- 
vised by  Dr.  Strecker,  whose  formula)  have  been  adopted  in  the 
following  succinct  account : — 

Erythric  acid.— The  lichen  ^occe??a  iinciom,  from  which  the  finest 
kind  of  archil  is  prepared,  is  boiled  with  milk  of  lime,  the  filtered 
solution  is  precipitated  by  hydrochloric  acid,  and  the  precipitate 
dried  and  dissolved  in  warm,  not  boiling,  alcohol,  from  which  on 
cooling  crystals  of  erythric  acid  are  deposited.  This  is  a  very  feeble 
acid,  colourless,  inodorous,  difficultly  soluble  in  cold  and  even  in 
boiling  water,  readily  soluble  in  ether.  Its  solution,  when  mixed 
with  chloride  of  lime,  assumes  a  blood-red  colour.  Boiled  with  water 
for  some  time,  erythric  acid  absorbs  2  eq.  and  yields  picro-erythrin, 
a  crystallizable,  bitter  principle,  and  a  new  acid  presently  to  be  de- 
scribed, which  is  termed  by  some  chemists  Iccanorio,  by  others 
orsellinic  acid.  If  the  ebullition  be  continued,  the  orsellinic  acid 
undergoes  a  farther  change,  being  converted  into  a  crystalline  sub- 
stance, orcin,  of  which  mention  will  shortly  be  made. 

The  composition  of  these  various  substances  is  expressed  by  the 
following  fonnulse : — 

Erythric  acid  .  .  .  CgoHnOio 

Orsellinic  acid      .  .  .  gO  g 

Picro-erythrin  ,  .  .  Cg^HigOi^ 

Orcin      ....  C,,H  ^0 

And  the  successive  changes  which  occur  by  ebullition  are  represented 
by  the  following  equations  : — 

2C,oH|,0^„  +  2HO     =   ^_C^eH^     +  C,,H„0„ 
Erythric  acid.  Orsellinic  acid.  Pic'ro^erythrin. 
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Orsellinic  acid.  Orcin. 

Alphaorselltc  acid  is  obtained  from  the  South  American  variety 
of  Roccella  tinotoria.  The  preparation  and  the  properties  of  this  sub- 
stance are  perfectly  analogous  to  those  of  erythric  acid.  Alphaorsellic 
acid  contains  C32H140 by  boiling  with  baiyta-water  it  likewise 
furnishes  orsellinic  acid. 

C32Hi40u  +  2H0  =  2C„H808 

Alphaorsellic  Orsellinic  acid, 

acid. 

If  the  ebullition  be  continued  too  long,  a  great  portion  of  the  orsel- 
linic acid  is  converted  into  orcin. 

Orsellinic  acid,  formerly  frequently  called  lecanoric  acid,  whether 
prepared  from  erythric  or  alphaorsellic  acid,  forms  crystals  which 
are  far  more  soluble  in  water  than  either  of  the  acids  from  which  it 
has  been  prepared.  Its  taste  is  somewhat  bitter.  Boiled  with  water, 
it  yields,  as  has  been  stated,  orcin  ;  under  the  influence  of  air  and 
ammonia,  it  assumes  a  beautiful  purple  colour. 

If  the  lichens,  instead  of  being  treated  with  milk  of  lime,  be  ex- 
hausted with  boiling  alcohol,  the  erythric  and  alphaorsellic  acids  are 
likewise  decomposed  ;  but  instead  of  orsellinic  acid,  the  ether  of  this 
substance,  €41150,01611707  is  formed.  This  ether  was  formerly  de- 
scribed under  the  name  pseudo-eryt/irin,  until  Mr.  Schunk  pointed 
out  the  true  nature  of  the  substance.  Orsellinate  of  ethyl  may  be 
likewise  produced  by  boiling  pure  orsellinic  ncid  with  alcohol.  It 
crystallizes  in  colourless  lustrous  plates,  which  are  readily  soluble  in 
boiling  water,  alcohol,  and  ether. 

Betaorsellic  acid  is  found  in  Roccella  tinctoria  grown  at  the 
Cape ;  it  is  obtained  like  erythric  and  alphaorsellic  acid,  which  it  re- 
sembles in  properties.  Betaorsellic  acid  contains  C34Hju0i5  ;  by 
boiling  with  water,  it  yields  likewise  orsellinic  acid,  together  with  hair- 
like crystals  of  a  silvery  lustre,  of  a  substance  called  roccelUnin,  which 
has  the  composition  CigHgOy. 

C34H16H15        =       ^C^eHaOg        +  Ci^HeOy 
Betaorsellic  acid.         Orsellinic  acid.  RoccelUnin. 

The  decomposition  of  betaorsellic  acid  is  obviously  analogous  to  that 
of  erythric  acid,  the  roccellinin  representing  the  picro-erythrin. 

Evernic  acid  is  extracted  by  milk  of  lime  from  Evernia  pmnastn, 
which  was  formerly  believed  to  contain  orsellinic  acid.  Evernic  acid 
is  very  difficultly  soluble  even  in  boiling  water  ;  it  assumes  a  yellow 
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colour  with  chloride  of  lime.  When  boiled  with  the  alkalis,  it  yields 
another  crystalline  acid,  eveminic  acid,  differing  from  the  preceding  by- 
its  free  solubility  in  boiling  water.  The  composition  of  evernic  acid 
is  represented  by  the  formula  C,J1^,0,,,  that  of  everninic  acid  by 
CigHioOs.  Evernic  acid,  when  boiled  for  a  considerable  time  with 
baryta,  yields  orcin  :  everninic  acid  does  not  give  a  trace  of  this  sub- 
stance ;  it  is  therefore  probable  that  evernic  acid,  under  the  influence 
of  alkalis,  yields  in  addition  to  everninic  acid  likewise  orsellimc  acid, 
from  which  the  orcin  is  derived,  and  that  this  decomposition  is  repre- 
sented by  the  equation  :  — 

C34H,60i4  -H  2H0     =    CisHaOa    +  CVJioOs 
Evernic  acid.  Orsellinic  acid.      Everninic  acid. 


Parellic  A.CID. — Lecanora  pare/la  contains  an  acid  probably  ana- 
logous to  erythric,  alphaorsellic,  betaorsellic,  and  evernic  acids,  the 
composition  of  which  is,  however,  still  unknown.  By  boiling  with 
baryta  it  yields  orsellinic  acid  and  jyareUic  acid,  CigHgOg. 

Orcin  is  the  general  product  of  decomposition  of  the  acids  pre- 
viously described  under  the  influence  of  heat  or  alkaline  earths. 

Orcin  is  best  prepared  by  boiling  lecanoric  or  orsellinic  acid,  pure 
or  impure,  with  baryta-water,  precipitating  the  excess  of  baryta  by 
carbonic  acid,  and  evaporating  the  filtered  liquid  to  a  small  bulk. 
It  forms,  when  pure,  large,  square  prisms,  which  have  a  slightly 
yellowish  tint,  an  intensely  sweet  taste,  and  a  high  degree  of  solubi- 
lity both  in  water  and  alcohol.  When  heated,  orcin  loses  water  and 
melts  to  a  syrupy  liquid  which  distils  unchanged.  The  crystals  of 
orcin  contain  Ci4Hg04,2H0, 

Orcein. — When  ammonia  is  added  to  a  solution  of  orcin,  and  the 
whole  exposed  to  the  air,  the  liquid  assumes  a  dark-red  or  purple  tint 
by  absorption  of  oxygen  ;  a  slight  excess  of  acetic  acid  then  causes  the 
precipitation  of  a  deep-red  powder,  not  very  soluble  in  water,  but 
freely  dissolving  in  ammonia  and  fixed  alkalis,  with  a  purple  or  violet 
colour.  This  is  an  azotized  substance,  formed  from  the  elements  of 
the  ammonia  and  the  orcin,  called  orcein ;  it  probably  constitutes  the 
chief  ingredient  of  the  red  dye-stuff  of  the  commercial  articles  before 
mentioned.  The  composition  of  orcein  is  less  certain  than  that  of 
orcin  ;  it  probably  contains  Ci^HylS'Oe,  when  its  formation  from  orcin, 
under  the  joint  influence  of  oxygen  and  ammonia,  would  be  -repre- 
sented by  the  equation  : — 

Ci,H80„2HO+60-hNH3    =     C.^H^NOg  +  GHO 
Orcin.  Orcein. 


Other  substances  are  occasionally  present  in  lichens  ;    thus,  tl 
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Usnea  barhata  and  several  other  lichens  contain  usnic  acid,  a  sub- 
stance crystallizing  from  alcohol  in  fine  yellowish-white  needles  with 
metallic  lustre,  having  the  formula  Ca^HiBO,^.  It  gives  no  orcin  by 
distillation,  but  a  substance  similar  to  it,  which  probably  contains 
CssHisOg,  and  has  been  designated  by  the  name  of  betaorcin.  Its 
formation,  which  is  attended  by  an  evolution  of  carbonic  acid,  is 
represented  by  the  equation  : — 

Usnic  acid.  Betaorcin. 

The  Parmelia  parietina  furnished  another  new  substance,  chri/so- 
phanic  acid,  crystallizing  in  fine  golden-yellow  needles,  and  contain- 
ing C,oH403.  It  is  a  very  stable  substance,  and  may  be  sublimed 
without  much  decomposition. 
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Cochineal. — This  is  a  little  insect,  the  Coccus  cacti,  which  lives 
on  several  species  of  cactus,  which  are  found  in  warm  climates,  and 
cultivated  for  the  purpose,  as  in  Central  America.  The  dried  body 
of  the  insect  yields  to  water  and  alcohol  a  magnificent  red  colouring 
matter,  precipitable  by  alumina  and  oxide  of  tin  ;  carmine  is  a  pre- 
paration of  this  kind.  In  cochineal  the  colouring  matter  is  associated 
with  several  inorganic  salts,  especially  phosphates  and  nitrogenous 
substances.  Mr.  Warren  De  La  Rue,  who  has  published  a  very  ela- 
borate investigation  of  cochineal,*  has  separated  the  pure  colouring 
matter,  which  he  calls  carminic  acid,  by  the  following  process.  The 
aqueous  decoction  of  the  insect  is  precipitated  by  acetate  of  lead,  and 
the  impure  carminate  of  lead  washed  and  decomposed  by  hydro- 
sulphuric  acid  :  the  colouring  matter  thus  separated  is  submitted 
again  to  the  same  treatment,  A  solution  of  carminic  acid  is  thus 
obtained,  which  is  evaporated  to  dryness,  re-dissolved  in  absolute 
alcohol,  and  digested  with  crude  carminate  of  lead,  whereby  a  small 
quantity  of  phosphoric  acid  is  separated,  and  lastly  mixed  with 
ether,  which  separates  a  trace  of  a  nitrogenous  substance.  The 
residue  now  obtained  on  evaporation  is  pure  carminic  acid.  It  is  a 
purple-brown  mass,  yielding  a  fine  red  powder,  soluble  in  water  and 
alcohol  in  all  proportions,  slightly  soluble  in  ether.  It  is  soluble 
without  decomposition  in  concentrated  sulphuric  acid,  but  readily 
attacked  by  chlorine,  bromine,  and  iodine,  which  change  its  coloui- 
to  yellow.  It  resists  a  temperature  of  276°-8  (136°C),  but  is  charred 
when  heated  more  strongly.  Carminic  acid  is  a  feeble  acid.  The 
composition  of  the  substance,  dried  at  248°  (120°C),  is  represented 

*  Mem.  of  the  Cbem.  See.  vol.  iii.  p.  454. 
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by  CgaHi^Oig,  which  fonnula  is  corroborated  by  the  analysis  of  a 
copper  compound,  CuO,C28Hi20i6. 

By  the  action  of  nitric  acid  upon  carminic  acid,  together  with 
oxalic  acid,  a  splendid  nitrogenetted  acid,  crystallizing  in  yellow 
rhombic  plates,  is  obtained.  "  This  substance,  to  which  the  name 
nitrococCHsic  acid  was  given,  is  bibasic;  it  contains  CigHgNgOigiSHO, 
It  is  soluble  in  cold,  more  so  in  boiling  water,  and  readily  soluble 
in  alcohol  and  ether.  Nitrococcusic  acid  is  evidently  derived  from  a 
non-nitrogenous  compound,  in  which  part  of  the  hydrogen  is  replaced 
by  the  elements  of  hyponitric  acid.  Lilte  the  substances  of  this  class, 
it  explodes  when  heated. 

In  the  mother-liquor,  from  which  the  carminic  acid  has  been  sepa- 
rated, Mr.  Warren  De  La  Rue  discovered  a  white,  crystalline,  nitro- 
genous substance,  for  which  he  established  the  formula  CigHnNOg. 
This  substance  is  identical  with  tyrosine,  which  will  be  mentioned  in 
the  section  on  Animal  Chemistry. 

Madder. — The  root  of  the  Rabia  tinctorum,  cultivated  in  southern 
France,  the  Levant,  &c.,  is  the  most  permanent  and  valuable  of  the  red 
dye-stufls.  In  addition  to  several  yellow  colouring  matters,  which 
are  of  little  importance  for  the  purposes  of  the  dyer,  madder  contains 
two  red  pigments  which  are  called  alizarin  and  purpwin.  These  sub- 
stances have  been  the  subject  of  very  extensive  researches  by  Debus, 
Higgins,  and  especially  by  Schunk.  The  latest  papers  ou  madder  have 
been  published  by  Wolff  and  Strecker,  whose  foi-mulse  are  quoted  in  the 
following  abstract. 

Alizarin. — The  aqueous  decoction  of  madder  is  precipitated  by 
sulphmnc  acid,  and  the  precipitate  washed  and  boiled  with  sesqui- 
chloride  of  aluminum,  which  dissolves  the  red  pigments  ;  an  insoluble 
brownish  residue  remaining  behind.  The  solution,  when  mixed  with 
hydrochloric  acid,  yields  a  precipitate  consisting  chiefly  of  alizarin, 
however,  still  contaminated  with  purpurin.  The  impure  alizarin  thus 
obtained  may  be  farther  purified  by  again  throwing  down  the  alcoholic 
solution  with  hydrate  of  alumina,  and  boiling  the  precipitate  with  a 
concentrated  solution  of  soda,  which  leaves  a  pure  compound  of  alu- 
mina and  alizarin  behind.  From  this  the  alizarin  is  separated  by 
hydrochloric  acid,  and  re-crystallized  from  alcohol.  Pure  alizarin 
crystallizes  in  splendid  red  prisms,  which  may  be  sublimed.  It  is 
but  slightly  soluble  in  water  and  in  alcohol,  but  dissolves  in  concen- 
trated sulphuric  acid  with  a  deep-red  colour.  On  addition  of  water, 
the  colouring  matter  is  re-precipitated  unchanged.  It  is  also  soluble 
in  alkaline  liquids,  to  which  it  imparts  a  magnificent  purple  colour. 
It  is  insoluble  in  cold  solution  of  alum.  Alizarin  is  the  chief  colour- 
ing matter  of  madder;  it  contains  C^,|H60(i-|-4H0,  and  is  a  feeble 
acid;  but  a  few  definite  compounds  with  mineral  oxides  have  been 
prepared,  among  which  a  lime-compound,  C4oH60B,3CaO-|-3HO,  may 
be  quoted.  The  action  of  nitric  acid  upon  alizarin  gives  rise  to 
the  formation  of  oxalic  acid  and  phthalic.acid,  a  substance  which  will 
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again  be  mentioned  among'  the  products  of  decomposition  of  napli- 
thalin,  "  ' 

CsjoHgOe  +  SHO  +  SO  =  2(C203,H0)  +  CieHg08 

Alizarin.  Phthalic  acid. 

PURPDRIN. — Madder  is  allowed  to  ferment  and  then  boiled  witli 
a  strong  solution  of  idum.  The  solution,  when  mixed  with  sulphuric 
acid,  yields  a  red  precipitate,  which  is  purified  by  re-crystallization 
from  alcohol.  Pui-purin  thus  obtained  crystallizes  in  red  needles, 
which  contain  C,gHgO(;+2HO,  i.  e.,  2  eq.  of  carbon  less  than  ali- 
zarin. When  treated  with  nitric  acid,  purpurin,  like  alizarin,  fur- 
nishes oxalic  and  phthalic  acids.  Purpurin  likewise  contributes  to  the 
tinctorial  properties  of  madder,  but  less  so  than  alizai'in.  Together 
with  alizarin  and  purpurin  several  other  substances  occur  in  madder, 
among  which  may  be  noticed  an  orange  pigment,  rubiaGin,  conrertiblt 
by  oxidizing  agents  into  a  peculiar  acid,  ruhiacio  acid,  a  yellow  pig- 
ment, xanthin,  a  bitter  principle,  rubian,  sugar,  pectic  acid,  and 
several  resins,  &c. 

Garanciii  is  a  colouring  material,  which  is  produced  by  the  action 
of  sulphuric  acid  upon  madder.  This  substance  possesses  a  higher 
tinctorial  power  than  madder  itself. 

The  beautiful  Titrkeij  red  of  cotton  cloth  is  a  madder-colour ;  it  is 
given  by  a  very  complicated  process,  the  theory  of  which  is  not 
perfectly  elucidated. 

Safflower. — This  substance  contains  a  yellow  and  a  red  colour- 
ing matter,  the  latter  being  insoluble  in  water,  but  soluble  in  alkaline 
liquids.  The  safflower  may  be  exhausted  with  water  acidulated  with 
acetic  acid,  and  the  solution  mixed  with  acetate  of  lead,  and  filtered 
from  the  dark-coloured  impure  precipitate.  The  lead-compound  of 
the  yellow  pigment  may  then  be  thrown  down  by  addition  of  am- 
monia, and  decomposed  by  sulphuric  acid.  In  its  purest  form  the 
yellow  matter  forms  a  deep-yellow,  uncrystallizable,  and  very  soluble 
substance,  very  prone  to  oxidation.  In  its  lead-compound  it  has  pro- 
bably the  composition  C24H,20i3. 

The  red  matter  or  carthamin  is  obtained  from  the  residual  safflower 
by  a  dilute  solution  of  carbonate  of  soda ;  pieces  of  cotton  wool  are 
immersed  in  the  liquid,  and  acetic  acid  gradually  added.  The  dried 
cotton  is  then  digested  in  a  fresh  quantity  of  the  alkaline  solution, 
and  the  liquid  supersaturated  with  citric  acid,  which  throws  down 
the  carthamin  in  carmine-red  flocks.  It  forms,  when  pure  imd  dry, 
an  amorphous,  brilliant,  green  powder,  nearly  insoluble  in  water, 
but  soluble  in  alcohol  with  splendid  purple  colour.     It  contains 

Bruzil-uood  and  logwood  give  red  and  purple  infusions,  which  -.w 
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largely  used  in  dyeing :  the  colouring  principle  of  logwood  is  termed 
hematoxylin,  and  has  been  obtained  in  crystals.  This  substance  con- 
tains C^oHyOis  +  SHO.  Acids  brighten  these  colours,  and  alkalis 
render  them  purple  or  blue. 

Among  yellow  dyes,  quercitron-bark,  fustic-wood,  and  saffron  may 
be  mentfoned,  and  also  turmeric;  these  all  give  yellow  infusions  to 
water,  and  furnish  more  or  less  permanent  colours. 

Pun-ee  or  Indian  yellow,  a  body  of  unknown  origin,  used  in  water- 
colour  painting,  according  to  the  researches  of  Stenhouse  and  Erdmann, 
is  a  compound  of  magnesia  with  a  substance  termed  purreic  or  euxan- 
thic  acid.  The  latter,  when  pure,  crystallizes  in  nearly  colourless 
needles,  sparingly  soluble  in  cold  water,  and  of  sweetish-bitter  taste. 
It  forms  yellow  compounds  with  the  alkalis  and  earths,  and  is  decom- 
posed by  heat,  with  production  of  a  neutral  crystalline  sublimate, 
purrenone  or  euxanthone.  Purreic  acid  contains  C4oH,602i,  purrenone 
C,3H404.  By  the  action  of  chlorine,  bromine,  and  nitric  acid,  a  series 
of  substitution-products  are  formed. 


Certain  of  the  products  of  the  action  of  nitric  acid  upon  aloes  re- 
semble very  much  some  of  the  derivatives  of  indigo,  without,  however, 
it  seems,  being  identical  with  them.  Powdered  aloes,  heated  for  a 
considerable  time  with  excess  of  moderately-strong  nitric  acid,  yields 
a  deep  red  solution,  which  deposits  on  cooling  a  yellow  crystalline 
mass.  This,  purified  by  suitable  means,  constitutes  chrysammic  acid  ; 
it  crystallizes  in  golden-yellow  scales,  which  have  a  bitter  taste,  and 
are  but  sparingly  soluble  in  water.  Its  potassa-salt  has  a  carmine-red 
tint,  and  exhibits  a  green  metallic  lustre,  like  that  of  murexide.  The 
formula  of  chrysammic  acid  is  not  perfectly  established.  It  is  pro- 
bably C,4HNs,0n,H0.  Like  picric  acid,  it  yields  with  chloride  of 
lime,  chloropicrin.  The  mother-liquor  from  which  the  chiysammic 
acid  has  been  deposited  contains  a  second  acid,  the  chrysolepic,  which 
also  forms  golden-yellow,  sparingly  soluble,  scaly  crystals.  The  po- 
tassa-salt forms  small,  yellow  prisms,  of  little  solubility.  It  explodes 
by  heat.  Chrysolepic  acid  contains  Ci2H2N30ig,H0 ;  it  is  isomeric 
and  possibly  identical  with  picric  acid. 

To  these  may  be  added  the  styphnic  acid  described  by  MM. 
Boettger  and  Will,  produced  by  the  action  of  nitric  acid  of  sp. 
gr.  1-2  upon  assafmtida  and  several  other  gum-resins  ;md  extracte. 
Purree,  when  treated  with  excess  of  nitric  acid,  likewise  yields 
styphnic  acid.  It  crystallizes,  when  pure,  in  slender,  yellowish- 
white  prisms,  sparingly  soluble  in  water,  readily  dissolved  in  alcohol 
and  ether.  It  has  a  purely  astringent  taste,  and  stains  the  skin 
yellow.  By  a  gentle  heat  it  melts,  and  on  cooling  becomes  crystalline  ; 
suddenly  and  strongly  heated,  it  burns  like  gunpowder.  It  also  fur- 
nishes chloropicrin.    The  salts  of  tliis  substance  mostly  crystallize  in 

2  Q 


594 


RED  AND  YELLOW  DYES. 


orange-yellow  needles,  and  explode  with  great  violence  by  heat. 
Styphnic  acid  contains  CiaHgNaOujHO,  i.  e.,  picric  acid-1-2  eq.  of 
oxygen.  It  may  be  viewed  as  a  nitro-substitute  of  the  same  acid, 
CiaHjOgiHO,  which,  by  the  introduction  of  chlorine  in  the  place  of 
hydrogen,  furnishes  chloroniceic  acid  (see  page  572). 

Hypothetical  niceic  acid       .  .  CijHsOgjHO 

Chloroniceic  acid  .  .  CigH^ClOg,!!© 

Trinitroniceic  acid   .  .  .  C,2H2(N04)803,H0. 
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The  oils  and  fats  fom  an  interesting  and  very  natural  gi-oup  of  sub- 
stances, which  have  been  studied  with  great  success.  The  vegetable 
and  animal  fats  agree  so  closely  in  every  respect,  that  it  will  be  con- 
venient to  discuss  them  under  one  head. 

Oily  bodies  are  divided  into  volatile  and  fixed:  the  foimer  are 
capable  of  being  distilled  without  decomposition,  the  latter  are  not. 
When  dropped  or  spread  upon  paper,  they  all  produce  a  greasy  stain  : 
in  the  case  of  a  volatile  oil,  this  stain  disappears  when  the  paper  is 
wanned,  which  never  happens  with  a  fixed  fatty  substance.  All 
these  bodies  have  an  attraction,  more  or  less  energetic,  for  oxygen : 
this  in  some  cases  reaches  such  a  height  as  to  occasion  spontaneous 
inflammation,  as  in  the  instance  of  large  masses  of  cotton  or  flax 
moistened  with  rape  or  linseed  oil.  The  effect  of  this  absorption  of 
oxygen  leads  to  a  farther  classification  of  the  fixed  oils  into  drying 
and  non-drying  oils,  or  those  which  become  hard  and  resinous  by  ex- 
posure to  air,  and  those  which  thicken  slightly,  become  sour  and 
rancid,  but  never  solidify.  To  the  first  class  belong  the  oils  used  in 
painting,  as  linseedj  rape,  poppy-seed,  and  walnut ;  and  to  the  second, 
olive  and  palm-oils,  and  all  the  oils  and  fats  of  animal  origin.  The 
parts  of  plants  which  contain  the  largest  quantities  of  oil  are,  in 
general,  the  seeds.  Olive-oil  is,  however,  obtained  from  the  fruit 
itself.  The  leaves  of  many  plants  are  varnished  on  their  upper  surface 
with  a  covering  of  waxy  fat.  Among  the  natural  orders,  that  of  the 
cruciferm  is  conspicuous  for  the  number  of  oil-bearing  species. 

The  fixed  oils  in  general  have  but  a  feeble  odour,  and  scarcely  anv 
taste  ;  whenever  a  sapid  oil  or  fat  is  met  with,  it  is  invariably  found 
to  contain  some  volatile  oily  principle,  as  in  the  case  of  common  butter. 
They  are  all  insoluble  in  water,  and  but  slightly  soluble  in  alcohol, 
with  the  exception  of  castor-oil ;  in  ether  and  in  the  essential  oils,  on 
the  other  hand,  they  dissolve  in  large  quantity. 

The  consistence  of  these  substances  varies  from  that  of  the  thinnest 
olive-oil  to  that  of  solid,  compact  suet ;  and  this  difference  proceeds 
from  the  vm-iable  proportions  in  which  the  proximate  solid  and  fluid 
fatty  principles  are  associated  in  the  natui'al  product.  All  these 
bodies  may,  in  fact,  by  mere  mechanical  means,  or  by  the  application 
of  a  low  temperature,  be  separated  into  two,  or  sometimes  three,  dif- 
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ferent  substances,  wliicli  dissolve  in,  or  mix  with,  each  other,  in  all 
propoi-tions.  Thus,  olive-oil  exposed  to  a  cold  of  40°  (4°-5C)  deposits 
a  large  quantity  of  a  crystalline  solid  fat,  which  may  be  separated  by 
filtration  and  pressure  ;  this  is  termed  mm-garin,  fi  om  its  pearly  aspect. 
That  portion  of  the  oil  which  retains  its  fluidity  at  this,  or  even  a 
greater  degree  of  cold,  has  received  the  name  olein  or  elain.  Again, 
a  solid  animal  fat  may,  by  pressure  between  folds  of  blotting-paper, 
be  made  much  harder,  more  brittle,  and  more  difficult  of  fusion.  The 
paper  becomes  impregnated  with  a  permanently  fluid  oil,  or  olein, 
while  the  solid  part  is  found  to  consist  of  a  mixture  of  two  solid  fats, 
one  resembling  the  margarin  of  olive-oil,  and  the  other  having  a  much 
higher  melting-point,  and  other  properties  which  distinguish  it  from 
that  substance  ;  it  is  called  stearin. 

These  remarks  apply  to  all  ordinary  oils  and  fats :  it  is,  however, 
by  no  means  proved  that  the  olein  and  margarin  of  all  vegetable  and 
animal  oils  are  identical ;  it  is  very  possible  that  there  may  be  essen- 
tial differences  among  them,  more  especially  in  the  case  of  the  first- 
named  substance. 

Fixed  fatty  bodies,  in  contact  with  alkaline  solutions  at  a  high  tem- 
perature, undergo  the  remarkable  change  termed  saponification.  When 
stearin,  margarin,  or  olein  are  boiled  with  a  strong  solution  of  caustic 
potassa  or  soda,  they  gradually  combine  with  the  alkali,  and  form  a 
homogeneous,  viscid,  transparent  mass,  or  soap,  fi'eely  soluble  in  wann 
water,  although  insoluble  in  saline  solutions.  If  the  soap  so  produced 
be  afterwards  decomposed  by  the  addition  of  an  acid,  the  fat  which 
separates  is  found  completely  changed  in  character ;  it  has  acquired  a 
strongly-acid  reaction  when  applied  in  a  melted  state  to  test-paper,  and 
it  has  become  soluble  with  the  greatest  facility  in  warm  alcohol ;  it  is  in 
fact  a  new  substance,  a  true  aa'ii,  capable  of  forming  salts,  and  a  com- 
pound ether,  and  has  been  generated  out  of  the  elements  of  the  neutral 
fat  under  the  influence  of  the  base.  Stearin,  when  thus  treated, 
yields  stearic  acid,  margarin  gives  margaric  acid,  olein  gives  oleic 
acid,  and  common  animal  fat,  which  is  a  mixture  of  the  tkree  neutral 
bodies,  affords  by  saponification  by  an  alkali  and  subsequent  decompo- 
sition of  the  soap,  a  mixture  of  the  three  fatty  acids  in  question. 
These  bodies  are  not,  however,  the  only  products  of  saponification ; 
the  change  is  always  accompanied  by  the  formation  of  a  very  peculiar 
sweet  substance,  called  glycerin,  which  remains  in  the  mother-liquor 
from  which  the  acidified  fat  has  been  separated.  The  process  of  sapo- 
nification itself  proceeds  with  perfect  facility  in  a  close  vessel ;  no  gas 
is  disengaged ;  the  neutral  fat,  of  whatsoever  kind,  is  simply  resolved 
into  an  alkaline  salt  of  the  fatty  acid,  or  soap,  and  into  glycerin.* 

*  We  are  Indebted  to  M.  Chevreul  for  the  first  series  of  scientific  researches 
on  the  fixed  oils  and  fats,  and  on  the  theoiy  of  saponification.  These  admir- 
able investigations  are  detailed  in  the  early  volumes  of  the  "  Annates  deChimie 
et  de  Physique,"  and  were  afterwards  published  m  a  separate  fomi  in  1823,  uuder 
the  title  of  "  Recherches  CIdviiques  sur  les  Cor2>s  gras  d  Origme  animaU. 
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Hence  the  neutral  fats  may  be  viewed  as  a  species  of  salt,  in  which 
the  glycerin  plays  the  part  of  base,  similarly  to  oxide  of  methyl  and 
ethyl,  &c.,  in  the  compound  ethers. 

Stearin  and  stearic  acid.— Pure  animal  stearin  is  most  easily 
obtained  by  mixing  pure  mutton-fat,  melted  in  a  glass  flask,  with 
several  times  its  weight  of  ether,  and  suftering  the  whole  to  cool. 
Stearin  crystallizes  out,  while  margarin  and  olein  remain  in  solu- 
tion. The  soft  pasty  mass  may  then  be  transfeiTed  to  a  cloth,  strongly 
pressed,  and  the  solid  portion  still  farther  purified  by  re-crystallization 
from  ether.  It  is  a  white  friable  substance,  insoluble  in  water,  and 
nearly  so  in  cold  alcohol ;  boiling  spirit  takes  up  a  small  quantity. 
Boiling  ether  dissolves  it  with  great  ease,  but  when  cold  retains  only 
5^3  of  its  weight.  The  melting-point  of  pure  stearin,  which  is  one  of 
its  most  important  physical  characters,  may  be  placed  at  about  130° 
(54°-5C). 

When  stearin  is  saponified,  it  yields,  as  already  stated,  glycerin  and 
stearic  acid.  The  latter  crystallizes  from  hot  alcohol  in  milk-white 
needles,  which  are  inodorous,  tasteless,  and  qnite  insoluble  in  water. 
It  dissolves  in  its  own  weight  of  cold  alcohol,  and  in  all  proportions 
at  a  boiling  heat ;  it  is  likewise  soluble  in  ether.  Alkaline  carbonates 
are  decomposed  by  stearic  acid.  Exposed  to  heat,  it  fuses,  and  at  a 
higher  temperature,  if  air  be  excluded,  volatilizes  unchanged.  The 
melting-point  of  stearic  acid  is  about  158°  (70°C). 

Margarin  and  margaric  acid. — The  ethereal  mother-liquor 
from  which  steai'in  has  separated  in  the  process  just  described  yields 
on  evaporation  a  soft-solid  mixture  of  margarin  and  olein  with  a 
little  steai'in.  By  compression  between  folds  of  blotting-paper,  and 
re-solution  in  ether,  it  is  rendered  toleralily  pure.  In  this  state 
margarin  very  much  resembles  stearin  ;  it  is,  however,  more  fusible, 
melting  at  116°  (46°-6C),  and  very  much  more  soluble  in  cold  ether. 
By  saponification  it  yields  glycerin  and  margaric  acid.  The  properties 
of  this  last-named  substance  resemble  in  the  closest  manner  those  of 
stearic  acid ;  it  is  different  in  composition,  however,  more  soluble  in 
cold  spirit,  and  has  a  lower  melting-point,  viz.,  140°  (60°C)  or  there- 
abouts.   Its  salts  also  resemble  those  of  stearic  acid. 

A  more  or  less  impure  mixture  of  stearic  and  margaric  acids  is  now 
veiy  extensively  used  as  a  substitute  for  wax  and  spennaceti  in  the 
manufivcture  of  candles.  It  is  prepared  by  saponifying  tallow  by 
lime,  decomposing  the  insoluble  soap  so  formed  by  boiling  with  dilute 
sulphuric 'acid,  and  then  pressing  out  the  fluid  or  oily  portion  from  the 
acidified  fat. 

The  solid  part  of  olive-oil  is  said  to  be  a  definite  compound  of  true 
margarm  and  olein,  inasmuch  as  its  melting-point,  68°  (20°C),  is 
constant ;  it  gives  by  saponification  a  mixture  of  margaric  and  oleic 
acids. 

Olein  and  oleic  acid.— It  is  doubtful  whether  a  perfectly  pure 
olein  has  yet  been  obtained :  the  separation  of  the  last  portions  of 
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margarin,  with  which  it  is  always  naturally  associated,  is  a  task  of 
extreme  difBculty.  Any  fluid  oil,  animal  or  vegetable,  which  has  been 
carefully  decolorized,  and  filtered  at  a  temperature  approaching  the 
freezing-point  of  water,  may  be  taken  as  a  representative  of  the  sub- 
stance. Oleic  acid  much  resembles  olein  in  physical  characters,  being 
colourless  and  lighter  than  water,  but  it  has  usually  a  distinctly  acid  re- 
action, a  sharp  taste,  and  is  miscible  with  alcohol  in  all  proportions. 
When  submitted  to  the  action  of  nitric  acid,  it  yields  almost  the  whole 
series  of  acids,  of  which  formic,  acetic,  propionic,  butyric,  &c.,  are 
members,  and  which  has  been  mentioned  in  a  previous  section  of  this 
work  (see  page  480). 

When  stearic  or  margaric  acid,  or  ordinaiy  aninjal  fiits,  are  exposed 
to  destructive  distiUation,  they  yield  margaric  acid,  a  fatty  body,  inca- 
pable of  saponification,  termed  margarone,  a  liquid  carbide  of  hydro- 
gen, and  various  permanent  gases.  The  neutral  fats  furnish  besides 
an  extremely  pungent  and  even  poisonous  volatile  principle,  called  acro- 
lein, described  farther  on. 

In  the  manufacture  of  ordinary  soaps  both  potassa  and  soda  are 
used ;  the  former  yielding  soft,  and  the  latter  hard  soaps.  Animal 
and  vegetable  fats  are  employed  indifferently,  and  sometimes  resin  is 
added. 

Composition  of  the  preceding  Substances. — The  following  are  the 
formuliB  at  present  assigned  to  the  fatty  acids  in  question :  they  are 
chiefly  founded  on  investigations  made  at  Giessen  : — 

Stearic  acid  ....  C68H8e05,2HO 
Margaric  acid        ,       .       .  Cg8H6606,2HO. 

Margaric  is  thus  seen  to  differ  from  stearic  acid  in  containing  1  eq. 
of  oxygen  more,  and  stearic  acid  can  actually  be  converted  into  mai-- 
garic  by  the  action  of  oxidizing  agents.  Stearic  acid  is  bibasic,  and 
in  its  crystallized  state  contains  2  eq.  of  water.  Margaric  acid,  as 
represented  by  the  above  formula,  is  likewise,  bibasic,  but  many  che- 
mists consider  it  as  a  monobasic  acid,  034113303, HO  ;  its  bibasic  nature 
being,  in  fact,  by  no  means  so  well  established  as  that  of  stearic  acid. 
The  subject  requires  farther  examination,  especially  since  an  opinion 
has  lately  been  expressed,  that  stearic  and  margaric  acids  are  isomeric 
modifications  of  the  same  acid. 

Oleic  acid,  from  almond-oil,  butter,  and  beef-suet,  gave  results 
agreeing  pretty  well,  and  leading  to  the  formula  C3gH3303,H0,  the 
oleic  acid  of  goose-fat  and  olive-oil  having  the  same  composition. 
Former  reseaixhes  had  led  to  different  results,  which  are  explained  by 
the  extreme  proneness  to  oxidation  of  the  substance  itself  The  oleic 
acid  obtained  from  linseed-oil  appears  to  differ  from  the  preceding 
substance ;  its  analysis  having  led  to  the  formula  CjgH^BOajHO. 

Margarone  probably  contains  €3311330,  or  margaric  acid  minus  1 
eq.  of  carbonic  acid. 

The  composition  of  stearin,  margarin,  and  olein  is  most  safely 
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deduced  from  a  comparison  of  that  of  the  acids  to  which  they  give 
rise,  and  of  glycerin. 

Margaric,  stearic,  and  oleic  acids  have  many  properties  in  common ; 
their  sdts  much  resemble  each  other,  those  of  the  alkalis  being  soluble 
in  pure  water  when  warm,  but  not  in  saline  solutions.  A  large  quan- 
tity of  cold  water  added  to  an  alkaline  margarate  or  stearate  occasions 
the  separation  of  a  crystalline,  insoluble  acid  salt.  The  margarates, 
stearates,  and  oleates  of  lime,  baryta,  and  the  oxides  of  the  metals 
proper  are  insoluble  in  water.  They  are  easily  obtained  by  double 
decomposition,  and  in  some  few  cases  by  direct  action  on  the  neutral 
fat.  A  solution  of  soap  in  alcohol  is  sometimes  used  as  a  test  for  the 
presence  and  quantity  of  lime,  &c.,  in  waters  under  examination  (see 
page  282). 

Glycerin. — This  substance  is  veiy  readily  obtained  by  heating 
together  olive  or  other  suitable  oil,  protoxide  of  lead,  and  water,  as  in 
the  manufacture  of  common  lead-plaster ;  an  insoluble  soap  of  lead  is 
formed,  while  the  glycerin  remains  in  the  aqueous  liquid.  The  latter 
is  treated  with  sulphuretted  hydrogen,  digested  with  animal  charcoal, 
filtered,  and  evaporated  in  vacuo  at  the  temperature  of  the  air.  In  a 
pure  state  glycerin  forms  a  nearly  colourless  and  very  viscid  liquid,  of 
sp.  gr.  1'27,  which  cannot  be  made  to  crystallize.  It  has  an  intensely- 
sweet  taste,  and  mixes  with  water  in  all  proportions ;  its  solution  does 
not  undergo  the  alcoholic  fermentation,  but  when  mixed  with  yeast 
and  kept  in  a  warm  place,  it  is  gradually  convei-ted  into  propionic  acid 
(see  page  457).  Glycerin  has  no  action  on  vegetable  colours. 
Exposed  to  heat,  it  volatilizes  in  part,  darkens,  and  becomes  de- 
stroyed, one  of  its  products  of  destruction  being  a  substance  possessing 
a  most  powerfully  penetrating  odour,  which  is  called  acrolein  (see 
page  604).    Nitric  acjd  converts  it  into  oxalic  acid. 

Glycerin  is  composed  of  CgHgOg. 

Glycerin  combines  with  the  elements  of  sulphuric  acid,  fonning  a 
compound  acid,  the  sulphoglyceric,  CgHyOs.SSOa.HO,  which  gives 
soluble  salts  with  lime,  baryta,  and  protoxide  of  lead. 

Quite  recently  M.  Berthelot  has  succeeded  in  combining  glycerin 
with  a  great  number  of  acids,  and  producing  in  tliis  manner  artificially 
a  series  of  compounds,  which  are  partly  identical  with  the  fats  occurring 
in  nature,  and  partly  analogous  to  these  substances.  They  are 
generally  obtained  by  the  direct  action,  during  several  hours,  of  the 
acids  upon  glycerin  in  closed  vessels  at  temperatures  varying,  according 
to  circumstances,  from  212°  to  536°  (100°  to  280°C).  Three  com 
pounds  of  stearic  acid  with  glycerin  have  been  thus  produced,  which 
M.  Berthelot  distinguishes  as  monostearin,  bistearin,  and  tetrastearin. 
There  are  likewise  several  artificial  margarius,  palmitins,  and  oleins'. 
The  deportment  of  these  bodies  is  perfectly  analogous'  to  that  of 
neutral  fats.  Compounds  with  acetic,  butyric,  and  valeric,  ben- 
zoic, camphoric,  and  even  with  hydrochloric  acid  have  likewise  been 
obtained. 
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Palm  and  cocoa-oils. — These  substances,  which  at  the  common 
temperature  of  the  air  have  a  soft-solid  or  buttery  consistence,  are 
now  largely  consumed  in  this  country.  Palm-oil  is  the  produce  of  the 
Elais  guianensis,  and  comes  chiefly  from  the  coast  of  Africa.  It  has, 
when  fresh,  a  deep  orange-red  tint,  and  a  very  agreeable  odour ;  the 
colouring  matter,  the  nature  of  which  is  unknown,  is  easily  destroyed 
by  exposure  to  light,  especially  at  a  high  temperature,  and  also  by 
oxidizing  agents.  The  oil  melts  at  80°  (26°"6C).  By  cautious  pres- 
sure it  may  be  separated  into  a  fluid  olein  and  a  solid  substance,  pal- 
mitin,  which,  when  purified  by  crystallization  from  hot  ether,  is  per- 
fectly white,  fusible  at  118°  (47°'8C),  soluble  to  a  small  extent  only 
in  boiling  alcohol,  and  convertible  by  saponification  into  palmitic  acid. 
The  latter  resembles  in  the  closest  manner  margaric  acid,  and  has  the 
same  melting-point;  it  differs  in  composition,  however,  containing 
CggHgjOgjHO.  By  keeping,  palm-oil  seems  to  suffer  a  change  similar 
to  that  produced  by  saponification :  in  this  state  it  is  found  to  contain 
traces  of  glycerin,  and  a  considerable  quantity  of  oleic  acid,  together 
with  a  solid  fatty  acid,  first  supposed  to  be  margaric,  but  which  is 
probably  palmitic  acid.  The  oil  becomes  harder  and  rancid,  and  its 
melting-point  is  raised  at  the  same  time.  Cocoa-oil,  extracted  from 
the  Icernel  of  the  common  cocoa-nut,  is  white,  and  has  a  far  less  agree- 
able smell  than  the  preceding.  It  contains  olein  and  a  solid  fat,  often 
used  as  a  substitute  for  tallow  in  making  candles,  which  by  saponifica- 
tion gives  a  crystal lizable  fatty  acid,  cocinic  acid,  having  the  usual 
properties  of  these  bodies,  and  melting  at  95°  (35°'5C).  It  is  com- 
posed of  CggHajOj,!!^    Both  this  and  palmitic  acid  are  monobasic. 

The  solid  vegetable  fat  from  the  Myrislica  maschata  contains  a  vola- 
tile oil,  a  fluid  olein,  and  a  solid,  crystallizable,  fatty  principle;  this, 
when  saponified,  which  occurs  with  difficulty,  yields  myristic  acid. 
This  substance  has  been  examined  by  Dr.  Playfair  :  it  melts  at  120° 
(48°'8C),  and  contains  Q,^^\i.^^O^,YLO.    It  is  monobasic. 

Cacao-butter,  extracted  from  the  crushed  beans  by  boiling  with 
water,  yields  by  saponification  a  fatty  acid,  identical,  according  to  Dr. 
Stenhouse,  with  the  stearic  acid  from  animal  fat. 

Elaidin  and  elaidic  acid. — When  olive-oil  is  mixed  with  a 
small  quantity  of  nitrous  acid,  nitric  acid  containing  that  substance,  or 
solution  of  nitrate  of  mercury  made  in  the  cold,  it  becomes  after  a  few 
hours  a  yellowish,  soft-solid  mass,  which,  pressed  and  treated  with 
alcohol,  furnishes  a  peculiar  white,  crystalline,  fatty  substance,  termed 
elaidin.  It  resembles  a  neutral  flit  in  properties,  melts  at  90°  (32°-2C), 
dissolves  with  difficulty  in  boiling  alcohol,  easily  in  ether,  and  is 
resolved  by  saponification  into  glycerin  and  elaidic  acid,  which  much 
resembles  margaric  acid.  Oleic  acid  is  directly  convertible  by  nitrous 
acid  into  elaidic  acid.  It  is  not  every  kind  of  oil  which  furnishes 
elaidin ;  the  drying  oils,  as  those  of  linseed,  poppy-seed,  walnuts,  &c., 
refuse  to  solidify;  almond-,  olive-, and  castor-oils,  possess  the  property 
in  a  high  degree. 
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Elaidic  acid  appears  to  have  the  same  composition  as  oleic  acid,  or 

^36^33^31^0. 

Suberic,  succinic,  and  sebacic  ACiDS—Subenc  acid  has  long 
been  known  as  a  product  of  the  oxidation  of  cork  by  nitric  acid  ; 
succinic  acid  is  obtained  by  the  distillation  of  amber,  a  fossil  resin.^ 
Kecently  both  have  been  produced  by  the  long-continued  action  of 
nitric  acid  upon  stearic  and  margaric  acids.  Suberic  acid  is  a 
white  crystalline  powder,  sparingly  soluble  in  cold  water,  fusible  and 
volatile  by  heat;  it  contains  Ci6Hi20g,2HO.  Succinicacid  forms  regular 
colourless  crystals,  soluble  in  5  parts  of  cold,  and  in  half  that  quantity 
of  boiling  water  ;  it  is  also  fusible  and  volatile  without  decomposition, 
and  contains  CoH^Og.SHO.  The  remarkable  production  of  this  sub- 
stance fi'om  malic  acid  by  a  process  of  fermentation  has  been  already 
mentioned  (see  page  509).  Sebacic  acid  is  a  constant  product  of  the 
destructive  distillation  of  oleic  acid,  olein,  and  all  fatty  substances  con- 
taining those  bodies  ;  it  is  extracted  by  boiling  the  distilled  matter 
with  water  ;  it  has  also  been  lately  formed  by  the  action  of  potassa  on 
castor-oil  (see  page  606).  It  forms  small  pearly  crystals  resembling 
those  of  benzoic  acid.  It  has  a  faintly-acid  taste,  is  but  little  soluble  in 
cold  water,  melts  when  heated,  and  sublimes  unchanged.  Sebacic  acid 
is  composed  of  CjoHgOgjIIO,  or  CaoHigOgjSHO. 

Butter  ;  volatile  acids  of  butter. — Common  butter  chiefly 
consists  of  a  solid  crystallizable,  and  easily  fusible  fat,  a  fluid  oily  sub- 
stance, and  a  yellow  colom'ing  matter,  besides  mechanical  impurities, 
as  casein.  The  oily  part  appears  to  be  a  mixture  of  olein  and  a 
peculiar  odoriferous  fatty  principle,  butyrin,  not  yet  isolated,  which 
by  saponification  yields  four  distinct  volatile  acids,  the  butyric,  the 
caproic,  the  caprylic,  and  the  capric :  these  are  most  easily  obtained 
by  saponifying  butter  with  potassa  or  soda,  adding  an  excess  of  sul- 
phuric acid,  and  distilling.  The  acid  watery  liquid  obtained  may  then 
be  saturated  with  an  alkali,  evaporated  to  a  small  bulk,  and  then  dis- 
tilled with  excess  of  sulphuric  or  phosphoric  acid  in  a  retort.  The 
mixed  acids  are  separated  by  taking  advantage  of  the  unequal  solu- 
bility of  their  baiyta-salts :  the  less  soluble  salts  of  the  mixture 
amounting  to  about  i  of  the  whole  mass,  contain  capric  and  caprylic 
acids  ;  the  larger  and  more  soluble  portion,  the  caproic  and  butyric  acids. 

Butyric  acid,  when  pure,  is  a  thin  colourless  liquid,  of  pungent 
rancid  odour  and  sour  taste.  It  is  miscible  in  all  proportions  with 
water  and  alcohol.  Its  density  is  0-963,  and  it  boils  and  distils 
unchanged  at  327°  (164°C) .  lit  is  attacked  by  chlorine,  with  produc- 
tion of  oxalic  acid  and  of  a  chloriuetted  compound.  Butyric  acid 
contains  C8H703,H0. 

Caproic  acid  foi-ms  a  colom-less  liquid,  of  sp.  gr.  0-922  boiling-  at 
388°-4  (198°C) ;  it  has  a  feeble  odour,  somewhat  resembling  that  of 
acetic  acid,  and  is  much  less  soluble  in  water  than  butyric  acid  It 
contains  Ci2H,,03,H0.  The  artificial  formation  of  this  acid  from 
cyanide  of  amyl  has  been  already  noticed  (see  page  474).  Caproic 
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acid  has  been  lately  submitted  to  the  action  of  the  galvanic  current. 
Messrs.  Brazier  and  Gossleth  have  proved  that  its  effect  upon  tliis  acid 
is  analogous  to  that  upon  valeric  acid,  and  that  the  principal  product 
is  the  hydrocarbon  amyl  CioH,j,  previously  obtained  by  Dr.  Frank- 
land  by  the  action  of  zinc  upon  iodide  of  amyl  (see  page  474). 

Caprylic  acid  is  chiefly  remarkable  for  exhaling  a  powerful  and 
disgusting  odour  of  perspiration.  It  contains  C,5H,503,HO.  This 
acid  has  been  lately  obtained  by  a  very  interesting  reaction,  namely, 
by  the  oxidation  of  the  new  caprylic  alcohol  discovered  by  M.  Bonis 
among  the  products  of  decomposition  of  castor-oil  (see  page  606), 

Capeic  acid  much  resembles  caproic ;  it  has  a  mixed  odour  of 
acetic  acid  and  the  smell  of  the  goat,  and  is  very  sparingly  soluble  in 
water.    Its  formula  is  CgoHigOa,!!©. 

The  simple  relation  existing  between  the  formulae  of  the  volatile 
acids  of  butter,  which  are  all  members  of  the  series  of  fatty  acids,  has 
been  already  pointed  out  (see  page  481). 

These  acids  exist  ready  formed  in  rancid  butter  and  in  cheese, 
associated  with  valeric  acid.  They  are  produced  in  small  quantity  by 
the  saponification  of  most  animal  and  some  vegetable  fats,,  and  are 
generated,  as  has  been  mentioned  already  (see  page  598),  together  with 
other  products,  by  the  action  of  nitric  acid  upon  oleic  acid.  Butyric 
acid  has  been  observed  also  as  a  product  of  tlie  spontaneous  decompo- 
sition of  fibrin,  and  pre-exists  in  the  leguminous  fruit  known  as  St. 
John's  bread. 

Whale-  and  seal-oil  yield  by  saponification  a  volatile  acid  greatly  re- 
sembling the  preceding,  called  phocenic  or  delphinio  acid  ;  it  was  for- 
merly believed  to  be  a  peculiar  acid,  but  it  is,  according  to  recent 
experiments,  nothing  but  valeric  acid. 

Butyi-ic  acid  has  acquired  a  certain  degree  of  importance  from  the 
curious  discovery  of  MM.  Pelouze  and  Cells,  that  sugar,  under  par- 
ticular circumstances,  is  susceptible  of  becoming  converted  into  that 
substance.  A  tolerably  strong  solution  of  common  sugar  mixed 
with  a  small  quantity  of  casein  and  some  chalk,  and  exposed  for 
some  time  to  a  temperature  of  95°  (35°Cj,  yields,  by  a  species  offer- 
mentation,  in  which  the  casein  is  the  active  ferment,  a  large  amount 
of  butyrate  of  lime ;  carbonic  acid  and  hydrogen  gases  are  evolved 
during  the  whole  period.    This  change  may  be  thus  expressed — 

CaAeOaa  =  4H0  -\-  8E  +  8C0^  +  2  (C8H,03,H0) 
Grape^^u^r.  Butyric  acid. 

The  mixture  directed  for  lactic  acid  answers  well  (see  page  421)  : 
lactate  of  lime  is  first  formed  in  large  quantity,  and  afterwards  gra- 
dually dissolved  and  converted  into  butyrate,  which  may  be  decom- 
posed by  sulphuric  acid  and  distilled.  This  is  an  exceedingly  interest- 
ing case  of  the  half-artificial  fonnation  of  an  animal  product. 

Wax— Common  bees'-vaax,  freed  from  its  yellow  colouring  matter 
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by  bleaching,  may  be  separated  by  boiling  alcohol  into  two  diflferent 
proximate  principles,  cerin  and  myricin.  The  first  is  a  white  ciystal- 
line  substance,  soluble  in  about  16  parts  of  boiling  spirit,  and  melting 
at  144°  (62''-2C) ;  it  is  the  more  abundant  of  the  two.  It  is  easily 
saponified  by  a  solution  of  caustic  potassa.  According  to  Brodie's 
valuable  experiments  it  consists  chiefly  of  cerotic  acid  C54H5i03,H0, 
which  belongs  to  the  series  of  fatty  acids  (see  page  481).  The  same 
body  in  a  very  interesting  form  of  combination  exists  in  Chinese  wax, 
which,  according  to  Brodie,  is  a  compound  ether  containing  cerotic 
acid  combined  with  the  ether  of  cerotylic  alcohol,  Cj^HjjO.HO.  It 
may  be  viewed  as  cerotate  of  oxide  of  cerotyl,  054X1550,054115303, 
corresponding  to  the  acetic  ether  of  the  wine-alcohol  series.  When 
heated  with  potassa  it  undergoes  the  changes  peculiar  to  compound 
ethers,  yielding  on  the  one  hand  cerotate  of  potassa,  and  on  the 
other  hand  cerotylic  alcohol.  Myricin  is  very  much  less  soluble 
in  alcohol,  and  rather  more  fusible.  It  is  saponified  with  dif- 
ficulty by  a  dilute  solution  of  caustic  potassa,  palmitic  acid,  C32H31O3, 
HO  (see  page  600),  combines  with  the  potassa,  and  a  substance, 
CgoHg,0,HO,  belonging  to  the  series  of  alcohols  is  set  free,  which 
has  been  termed  melissic  alcohol.  Hence  myricin  is  likewise  a  com- 
pound ether,  namely,  palmitate  of  oxide  of  melissyl,  Cg2H9g04  = 
0601166^)^32^3303. 

Spermaceti. — The  soft-solid  matter  found  in  very  large  quantity 
in  a  remarkable  cavity  in  the  head  of  the  spei-maceti  whale,  when 
submitted  to  pressure,  yields,  as  is  well  known,  a  most  valuable 
fluid  oil,  and  a  crystalline,  brownish  substance,  which,  when 
purified,  becomes  the  beautiful  snow-white  article  of  commerce,  sper- 
maceti. This  substance  appears,  by  the  most  recent  experiments,  to 
be  a  neutral  fatty  body  of  the  constitution  of  compound  ethers,  and 
not,  as  formerly  supposed,  a  mixture  of  several  proximate  principles. 
It  melts  at  120°  (48^'8C),  and  when  cooled  under  favoui-able  circum- 
stances, foiTns  distinct  crystals.  Boiling  alcohol  dissolves  it  in  small 
quantity,  and  ether  in  much  larger  proportion.  Spermaceti  is  sapo- 
nified with  great  difficulty :  two  products  are  obtained,  a  substance, 
C32H34O2,  belonging  to  the  series  of  alcohols  (see  page  481),  to 
which  the  name  cetijlic  (etludic)  alcohol  has  been  given,  and  cetylic 
(ethalic)  acid,  C32Hg204 ;  the  first  is  a  ci'ystallizable  fat,  whose  melt- 
ing-point is  nearly  the  same  as  that  of  spermaceti  itself,  but  its  solu- 
bility in  alcohol  is  much  greater ;  it  is  also  readily  sublimed  without 
decomposition.  Cetylic  acid  stands  to  cetylic  alcohol  in  the  same  rela- 
tion as  acetic  acid  to  ordinary  alcohol,  and  may  be  actually  procured 
from  the  latter  by  oxidation  ;  it  resembles  in  many  respects  margaric 
acid.  By  oxidation  by  nitric  acid  spei-maceti  yields  a  lai-ge  quantity  of 
succinic  acid. 

Spermaceti  is  composed  of  0a4Hg604  =  C32Hg3O,C32Hg,O3  ;  it  is 
cetylate  of  oxide  of  cetyl,  and  represents  in  the  cetyl-series  the  acetic 
ether  of  the  common  alcohol-series. 
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CiiOLESTERiN. — Tliis  substance  is  found  in  small  quantity  in  va- 
rious parts  of  the  animal  system,  as  in  the  bile,  in  the  brain  and 
nerves,  and  in  the  blood;  it  forms  the  chief  ingredient  of  biliary 
calculi,  from  which  it  is  easily  extracted  by  boiling  the  powdered 
gall-stones  in  strong  alcohol,  and  filtering  the  solution  while  hot;  on 
cooling,  the  cholesterin  crystallizes  in  brilliant  colourless  plates.  It 
has  the  characters  of  a  fat,  is  insoluble  in  water,  tiisteless  and  inodor- 
ous ;  it  is  freely  soluble  in  boiling  spirit,  and  also  in  ether.  It  alto- 
gether resists  saponification.  Cholesterin  melts  at  278°  (136°C),  and 
contains  probably  C2gH220. 

Cantharidin,  the  active  principle  of  the  Spanish  fly,  may  be 
here  mentioned.  It  is  a  colourless,  crystallizable,  fatty  body,'  ex- 
tracted by  ether  or  alcohol  from  the  insect ;  it  is  insoluble  in  water 
and  dilute  acids,  and  volatile  when  strongly  heated.  The  vapour 
attacks  the  eyes  in  a  very  painful  manner.  Cantharidin  contains 
CioHgO^. 

Acrolein. — Wben  a  neutral  fat  is  subjected  to  destructive  distilla- 
tion, it  furnishes,  as  already  mentioned,  among  other  products,  an  ex- 
cessively volatile  acrid  substance,  which  attacks  the  eyes  and  the 
mucous  membrane  of  the  nose  most  distressingly.  As  the  neutral 
fats  alone  yield  this  body,  and  the  fatty  acids  never,  it  is  known  to 
aa-ise  from  the  elements  of  the  glycerin  ;  and  glycerin  itself  under 
certain  circumstances  may  be  made  to  produce  acrolein  abundantly. 
It  is  best  prepared  by  distilling  glycerin  with  bisulphate  of  potassa ; 
botli  the  preparation  and  purification  are  attended  with  great  dif- 
ficulties. 

Pure  acrolein  is  a  thin,  colourless,  highly-volatile  liquid,  lighter 
than  water,  and  boiling  at  126°  (52°-9C).  Its  vapour  is  irritating 
beyond  description.  It  is  sparingly  soluble  in  water,  freely  in 
alcohol   and   ether.    According  to   M.  Redtenbacher   it  contains 

When  exposed  for  some  time  to  the  air,  or  when  mixed  with  oxide 
of  silver,  acrolein  oxidizes  with  avidity,  and  passes  into  acrylic  acid, 
which  resembles  in  very  many  particulars  acetic  and  propionic  acids  ; 
it  contains  CgHgOajHO.  Acrolein,  by  keeping,  undergoes  partial 
decomposition,  yielding  a  white,  flocculent,  indifferent  body,  disacryle  ; 
the  same  substance  is  sometimes  produced  together  with  aciylic  acid 
by  exposure  to  the  air.  In  contact  with  alkalis,  acrolein  suffers 
violent  decomposition,  producing,  like  aldehyde,  a  resinous  body. 


The  action  of  sulphuric  acid  upon  olive-oil  has  been  studied  by  M. 
Fre'my.  When  the  oil  is  slowly  and  cautiously  mixed  with  half  its 
volume  of  concentrated  sulphuric  acid,  all  rise  of  temperature  being 
avoided,  a  homogeneous  liquid  is  obtained,  which,  when  mixed  with  a 
little  water,  separates  into  two  layers,  the  lower  consisting  of 
sulpho-glyceric  and  free  sulphuric  acid,  and  the  upper  and  syrupy 
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portion  of  two  compound  acids,  the  sulphomargaric  and  sulpholeic. 
These  latter  dissolve  in  a  large  quantity  of  water,  but  after  some  time 
undergo  decomposition  into  sulphuric  acid  and  several  new  fatty 
acids,  \o  which  the  names  metamargaric,  hydromargaric,  hijdromar- 
garitic,  metoleio,  and  hydroleic  were  given.  The  first  three  are  de- 
rived from  the  elements  of  the  sulphomargaric  acid ;  they  are  solid 
and  crystallizable,  and  much  resemble  ordinary  margaric  acid,  differ- 
ing slightly  from  that  substance  and  from  each  other  in  their  melting- 
points,  degree  of  solubility  in  alcohol,  &c.  The  metoleic  and  hydro- 
leic acids  are  fluid,  and  are  derived  from  the  sulpholeic  acid  of  the 
mixture.  They  yield  cai-bonic  acid  and  liquid  hydrocarbons  by 
destructive  distillation.  The  composition  of  these  fatty  acids  is  yet 
uncertain,  but  in  all  probability  they  only  diifer  from  margaric  and 
oleic  acids  by  the  elements  of  water.  The  action  of  sulphmic  acid 
upon  the  oil  is  thus  somewhat  similar  to  the  eflect  of  saponification, 
the  neutral  fat  being  resolved  into  mai-garic  and  oleic  acids  and  gly- 
cerin, the  whole  of  which  then  combine  with  the  elements  of  sulphuric 
acid  to  form  compounds  belonging  to  the  large  group  of  substances,  of 
which  sulphovinic  acid  is  the  typical  member. 

The  sulphuric  saponification  of  fatty  bodies  is  now  carried  out  on 
a  very  large  scale  for  producing  cheaper  varieties  of  "  stearin  candles." 
For  this  purpose,  inferior  fatty  bodies,  such  as  palm-oil,  are  mixed 
with  5  or  6  per  cent,  of  concentrated  sulphuric  acid,  and  exposed  to 
a  temperature  of  350°  (177°'C)  produced  by  overheated  steam.  After 
cooling,  the  black  mass  thus  obtiiined  crystallizes  to  a  tolerably  solid 
fat,  which  is  washed  once  or  twice  with  water,  and  then  submitted  to 
distillation  by  the  aid  of  steam,  heated  to  about  560°  (293°-5C).  The 
product  of  the  distillation,  which  is  beautifully  white,  may  be  at  once 
used  for  making  candles;  frequently,  however,  it  undergoes  the  pro- 
cesses of  cold  and  hot  pressing,  whereby  a  much  more  solid  fat  is 
obtained. 

Castor-oil,  which  differs  in  some  respects  from  the  ordinary  vege- 
table oils,  yields,  by  oxidation  with  nitric  acid,  a  peculiar  product, 
namely,  a  volatile  fatty  acid,  to  which  the  term  ananthylic  has  been 
applied.  It  forms  a  colourless,  oily  liquid  of  aromatic  odour  and 
burning  taste,  and  sliglitly  soluble  in  water.  It  refuses  to  solidify  at 
a  very  low  temperature,  and  cannot  be  distilled  alone  without  some 
decomposition,  although  its  vapour  passes  over  readily  with  that  of 
water.  This  body  has  distinct  acid  properties,  forms  a  series  of  salts 
and  an  ether,  and  contains  Q.^^fiy./).^,\\0.  Under  the  influence  of 
tlie  galvanic  current  it  undergoes  a  decomposition  similar  to  that  of 
valeric  acid,  according  to  Messrs.  Brazier  and  Gossleth,  the  principal 
product  being,  together  with  a  hydrocarbon  containing  equal  equiva- 
lents of  carbon  and  hydrogen,  an  oily  substance  CigHij,  boiling  at 
395°-6  (202°C),  to  which  the  name  caproyl  \\i\s  been  given,  and  wliich 
may  be  viewed  as  the  radical  of  the  alcohol  of  caproic  acid  C  <,H  0 
HO,  still  to  be  discovered.  '    12  u  » 
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Castor-oil  has  lately  become  the  source  of  a  new  alcohol  in  the 
hands  of  M.  Bouis.  According  to  his  researches,  there  is  present  in 
castor-oil  a  peculiar  oleic  acid,  ricinoleicacid,  which  contains  CgjIlggOs, 
HO,  i.  e.,  2  eq.  of  oxygen  more  than  common  oleic  acid.  If  this  acid, 
or  more  conveniently  castor-oil  itself,  be  heated  with  solid  hydrate  of 
potassa,  an  oily  liquid  distils  over,  boiling  at  356°  (180°C),  which  is 
the  alcohol  of  capiylic  acid.  It  contains  Cy^R^^O^^iO,  and  is  readily 
converted  into  caprylic  acid  (see  page  602),  by  treatment  with  oxidiz- 
ing agents.  The  residue  in  the  retort  contains  sebacate  of  potassa. 
TWs  transformation  is  represented  by  the  following  equation  : — 

C38H35O5VHO  -t-  2(K0,H0)  =  2KOAoHiA  +  C leH.yOJIO  +  2H 
Eicinoleic  acid.  Sebacate  of  potassa.  Caprylic  alcohol. 

Some  doubts  are  stiU  hanging  upon  the  composition  of  the  substance 
obtained  from  castor-oil.  Some  analyses  of  M.  Bouis  himself,  and 
an  analysis  of  Mr.  Wills,  have  led  to  the  formula  Ci4Hig02,  according 
to  which  this  component  would  represent  the  alcohol  of  ceuanthyUc 
acid.  The  later  researches,  however,  of  M.  Bouis  on  the  one  hand, 
and  of  Mr.  Moschnin  on  the  other,  appear  to  be  in  favour  of  the 
formula  adopted  in  the  Manual. 

The  ether  corresponding  to  caprylic  alcohol  is  not  yet  known. 
Compounds,  however,  of  the  ether  with  methylic,  ethylic,  and  amylic 
ethers  has  been  lately  described  by  Mr.  Wills. 

The  base  corresponding  to  this  alcohol,  caprylamine,  has  been 
obtained  by  Mr.  Squire,  but  not  yet  described.  His  analytical  results 
are  likewise  in  favour  of  the  formula  CiBHjg02. 


VOLATILE  OILS. 

The  volatile  oils  of  the  vegetable  kingdom  are  exceedingly  numer- 
ous ;  they  are  secreted  by  plants,  and  confer  upon  their  flowers,  fruits, 
leaves,  and  wood  their  peculiar  odours.  These  substances  are  mostly 
procured  by  distilling  the  plant,  or  part  of  the  plant,  with  water : 
tlieir  points  of  ebullition  always  lie  above  that  of  water ;  nevertheless, 
at  212°  (100°C)  the  oils  emit  vapour  of  very  considerable  tension, 
which  is  carried  over  mechanically,  and  condensed  with  the  steam. 
The  milky  or  tui-bid  liquid  obtained,  when  left  at  rest,  separates  into 
oil  and  water.  Sometimes  the  oil  is  heavier  than  the  water,  and 
sinks  to  the  bottom  ;  sometimes  the  reverse  happens. 

The  volatile  oils,  when  pure,  are  colourless  ;  they  very  frequently, 
however,  have  a  yeUow,  and,  in  rarer  cases,  a  green  colour,  from  the 
presence  of  impurity.  The  odour  of  these  substances  is  usually 
powerful,  and  their  taste  pungent  and  burning.  They  resist  saponi- 
fication completely,  but  when  exposed  to  the  air  frequently  become 
altered  by  slow  absorptiou  of  oxygen,  and  assume  the  character  of 
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resins.  They  mix  in  all  proportions  with  fat  oils,  and  dissolve  freely 
both  in  ether  and  alcohol ;  from  the  latter  solvent  they  are  precipi- 
tated by  the  addition  of  water.  As  already  mentioned,  the  volatile 
oils  commimicate  a  greasy  stain  to  paper,  which  disappears  by  warm- 
ing ;  by  this  character  any  adulteration  with  fixed  oils  can  be  at  once 
detected.  A  solid  crystalline  matter,  corresponding  to  the  margai-ine 
of  the  common  oils,  frequently  separates  from  these  bodies  ;  it  bears 
the  general  name  of  stearoptene,  and  differs  probably  in  almost  every 
case. 

The  essential  oils  may  be  conveniently  divided  into  three  classes  : 
viz.,  those  consisting  of  carbon  and  hydrogen  only ;  those  consisting 
of  carbon,  hydrogen,  and  oxygen ;  and  those  containing  in  addition 
sulphur  and  nitrogen. 

Oils  composed  of  Carbon  and  Hydrogen, 

Oil,  or  essence  of  tprpentin. — This  substance  may  be  taken  as 
the  type  or  representative  of  the  class ;  it  is  obtained  by  distilling 
with  water  the  soft  or  semi-fluid  balsam  called  in  commerce  crude 
turpentine,  which  exudes  from  various  pines  and  firs,  or  flows  from 
wounds  made  for  the  purpose  in  the  wood.  The  solid  product  left 
after  distillation  is  common  rosin.  Oil  of  turpentin,  when  farther 
purified  by  rectification,  is  a  thin,  colourless  liquid,  of  powerful  and 
well-known  odour :  its  density  in  the  liquid  state  is  0*865,  and  that 
of  its  vapour  4-764  ;  it  boils  at  312°  (155°-5C).  In  water  it  dis- 
solves to  a  small  extent,  and  in  strong  alcohol  and  ether  much  more 
freely  ;  with  fixed  oils  it  mixes  in  all  proportions.  Strong  sulphuric 
acid  chars  and  blackens  this  substance ;  concentrated  nitric  acid  and 
chlorine  attack  it  with  such  violence  that  inflammation  sometimes 
ensues. 

Oil  of  turpentin  is  composed  of  CjH^  or  CjoHig. 

With  hydrochloric  acid  the  oil  fonns  a  curious  compound,  which 
has  been  called  artificial  camphor,  from  its  resemblance  in  odour  and 
appearance  to  that  substance.  It  is  prepared  by  passing  dry  hydro- 
chloric acid  gas  into  the  pure  oil,  cooled  by  a  freezing  mixture.  After 
some  time,  a  white  crystalline  substance  separates,  which  may  be 
strained  from  the  supernatant  brown  and  highly  acid  liquid,  and  pu- 
rified by  alcohol,  in  which  it  dissolves  very  freely.  This  substance  is 
neutral  to  test-paper,  does  not  affect  nitrate  of  silver,  and  sublimes 
without  much  decomposition ;  it  contains  C2oHi7,Cl,  or  perhaps 
^20^16,1101.  The  dark  mother-liquor  contiiins  a  somewhat  similar, 
but  fluid  compound.  Difi'erent  specimens  of  oil  of  turpentin  yield 
very  variable  quantities  of  these  substances,  which  may,  perhaps, 
arise  from  the  coexistence  of  two  very  similar  and  isomeric  oils  in  the 
ordinary  article.  When  these  hydrochlorates  are  decomposed  by  dis- 
tillation with  lime,  they  yield  liquid  oily  products  differing  in  some 
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pai-ticiilavs  from  the  original  oil  of  tm-pentin,  but  having  the  same 
composition  as  that  substance.  That  fi-om  the  solid  has  i-eceived  the 
name  of  camphijlene,  and  that  from  tlie  liquid  compound  terebylene. 
The  hypothetical  and  non-isolable  modifications  of  the  oil  supposed  to 
exist  in  the  solid  and^liquid  camphor  are  tei-med  respectively  camphene 
and  terebene. 

Another  isomeric  compound,  colophene,  is  produced  by  distilling  oil 
of  turpentin  with  concentrated  sulphuric  acid.  It  is  a  viscid,  oily, 
colom-less  liquid,  of  high  boiling-point,  and  exhibiting  by  reflected 
light  a  deep-bluish  tint, — a  phenomenon  often  remarked  in  bodies  of 
this  class. 

Bromine  and  iodine  also  form  compounds  with  oil  of  turpentin. 

Oil  of  turpentin  is  very  largely  used  in  the  arts,  in  painting,  and  as 
a  solvent  for  resins  in  making  varnishes. 

Bottles  in  which  rectified  oil  of  turpentin,  not  purposely  rendered 
anhydrous,  has  been  preserved,  are  often  studded  in  the  interior  with 
groups  of  beautiful,  colourless,  prismatic  ciystals,  which  form  sponta- 
neously. These  have  the  composition  of  a  hydi-ate  of  oil  of  turpen- 
tin.   These  crystals  contain  CgoHjeHgOfl. 

Oil  of  lemons  is  expressed  from  the  rind  of  the  fruit,  or  obtained 
by  distillation  with  water.  This  oil  differs  very  much  from  the  last 
in  odour,  but  closely  resembles  it  in  other  respects.  It  has  the  same 
composition  ;is  oil  of  turpentin,  and  forms  with  hydrochloric  acid 
two  compounds,  one  solid  and  crystalline,  the  other  fluid.  The  solid 
contains  C,QHg,HCl. 

The  oils  of  orange-peel,  herganwt,  pepper,  cuhehs,  juniper,  capivi, 
elemi,  the  laurel- oil  of  Guiana,  the  East  Indian  grass-oil,  and  the 
principal  part  of  hop-oil,  are  hydrocarbons,  isomeric  with  the  oils  of 
turpentin  and  lemons. 


Essential  Oils  containing  Oxygen. 

The  essential  oils  containing  oxygen  ai'e  veiy  numerous,  and  in  fact 
make  up  the  great  bulk  of  the  bodies  of  this  class  employed  in  medi- 
cine and  perfumery.  They  are  seldom  homogeneous,  and  in  conse- 
quence do  not  often  exhibit  fixed  boiling-points.  Some  of  these  oils 
have  been  made  the  subjects  of  much  chemical  research,  but  the  majo- 
rity yet  require  examination.  Three  of  the  most  interesting,  viz., 
those  of  bitter  almonds,  cinnamon,  and  the  Spirwa  idmaria,  have  been 
ali-eady  described. 

Oil  of  aniseed. — The  oil  distilled  from  the  fruit  of  the  Pimpi- 
ncUa  anisum  consists  of  two  substances,  one  of  which  is  a  fluid  oil, 
and  the  other  a  solid  crystalline  substance,  so  abundant  as  to  cause 
the  whole  to  solidify  at  the  temperature  of  50°  (10°C).  By  pressure 
between  folds  of  bibulous  paper,  and  crystallization  from  alcohol,  the 
solid  essence  may  be  obtained  pure.    It  forms  colourless  pearly  plates, 
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more  fragrant  than  the  crude  oil,  which  melt  when  gently  heated, 
and  distil  at  a  high  temperature.  It  contains  C^oHigOa.  This 
substance  is  attacked  energetically  by  chlorine,  bromine,  and  nitric 
acid ;  it  combines  with  hydrochloric  acid,  but  is  unaffected  by 
solution  of  caustic  potassa.  With  bromine  the  solid  essence  yields 
a  white  inodorous  ciystallizable  compound,  bromanisal,  containing 
C2o(HgBrg)02.  The  action  of  chlorine  is  more  complex,  several  suc- 
cessive compounds  being  produced.  With  sulphm-ic  acid  two  products 
are  obtained,  a  compound  acid  analogous  to  sulphovinic  acid,  and  a 
white,  solid  neutral  substance,  anisoin,  isomeric  with  the  essence. 

The  products  of  the  action  of  nitric  acid  vary  with  the  strength  of 
the  acid  employed ;  the  most  important  are  hydride  of  anisijl ;  anisic 
acid,  a  substance  very  much  resembling  salicylic  acid  in  properties, 
sparingly  soluble  in  cold  water,  freely  in  alcohol  and  ether ;  nitranisic 
acid,  a  yellowish-white,  crystalline,  sparingly-soluble  powder ;  and 
nitraniside,  a  resinous  body  produced  by  fuming  nitric  acid. 

The  hydride  of  anisyl  in  a  pure  state  is  a  yellowish  oily  liquid, 
having  an  aromatic  odour  of  hay  ;  it  is  heavier  than  water,  and  boils 
at  400°  (254°'5C).  Caustic  potassa,  concentrated  and  boiling,  slowly 
decomposes  it :  with  fused  hydrate  of  potassa,  it  is  instantly  converted 
into  anisic  acid  with  disengagement  of  hydrogen ;  air  and  oxidizing 
bodies  in  general  produce  the  same  effect.  Ammonia  forms  with  it  a 
crystalline  compound  analogous  to  liydrobenzamide.  Hydride  of 
anisyl  contains  CjgHgO^. 

Anisic  acid  contains  CigH^OjjHO,  i,  e.,  hydride  of  anisyl  and  2  eq. 
oxygen.  When  treated  with  an  excess  of  lime  or  baryta,  it  suffers 
a  decomposition,  analogous  to  that  of  benzoic  and  salicylic  acid, 
losing  2  eq.  of  carbonic  acid,  and  being  converted  into  an  oxygenated 
oil,  boiling  at  302°  (150°C),  to  which  the  name  ardsol  has  been  given. 

C,gHy05^0  -f  2CaO  =  2(CaO,C02)  +  C^HeOs 

Anisic  acid.  Anisol. 

The  action  of  nitric  acid  upon  anisol  gives  rise  to  the  formation  of 
three  substitution-products,  nitro-,  binitro-,  and  trinitro-anisol,  the 
former  of  which  is  a  liquid,  while  the  two  latter  are  crystalline  solids 
^H^xT^x'I^A^'n  Ci.CH^NO^P, ;  Ci^(He[NO J2)0s,,  and 

^uCilsL-'^'-'dsJ^a-  Treated  with  sulphuretted  hydrogen  these  sub- 
stances are  converted  ,into  three  organic  bases,  anisidine  Cj^HgNOg, 
nitranisidine  C|4(H8N0JN02,  and  binitranisidine  '-!i4(Hjr[N04]2)N02! 

Nitranisic  acid  is  the  nitro-substitute  of  anisic  acid  :  it  contains 
C,e(H,N0,)05,H0. 

The  solid  portion  of  the  oils  of  bitter  fennel  and  hadian  is  identical 
with  that  of  oil  of  aniseed.  The  fluid  component  of  the  fennel-oil  is 
isomeric  with  oil  of  tui-pentin. 

Draconic  acid,  obtained  by  the  action  of  nitric  acid  upon  the  oil 
of  Artemisia  dracunculus,  is  identical  with  anisic  acid. 

2  R 
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The  vai  ious  substances  belonging  to  this  group  arc  homologous  to 
the  members  of  the  salicyl-series,  described  in  a  former  part  of  the 
Manual  (see  page  495),  as  may  be  seen  from  the  following  com- 
parison : — 


Hydride  of  saHcyl  Hg 

Salicylic  acid .    .    C^^  Hg 
Nitrosalicylic  (ani-lp   j  H 
lie)  acid    .    .  /^i^In 
Phenol  (hydrate  of  i  ^  „ 


6  ) 


phenyl). 


O4 

0, 


2  ) 


Nitrophenol  (Ni-  \„  ( 

trophenasic)acidj 
Binitrophenol  (Ni-lg  (H4 

trophenesic)acid/  '-\(N0 
Trinitrophenol(Ni- 1 

trophenjsic)  acid^Cigj  ^ 


0, 


Carba2otic  acid 


C|g  Hg        Og  Anisic  acid 
Cig^j^^      |0j  Nitranisic  acid 

Hg        O2  Anisol 

C^l^o^    jOg  Nitranisol 

^'■'{(^04)2}^^  Binifcranisol 

^i-»((NO  )  Trinitranisol 

Hg        IsOj  Anisidine 
^»*{n04    }^^*  Nitranisidine 
Ci4|^Q^-j^|N02Binitranisidine 

Oil  of  cumin  is  a  mixture  of  two  bodies,  separable  in  great  mea- 
sure by  distillation,  cymol,  a  liquid  hydrocarbon,  containing  C2QH14, 
the  most  volatile  portion  of  the  oil,  and  curiiinol,  a  colourless  trans- 
parent oil,  of  powerful  odour,  easily  changed  in  the  air,  and  only  to 
be  distilled  in  a  current  of  carbonic  acid  gas.  Cuminol  contains 
C20H12O2,  and  is  consequently  isomeric  with  the  solid  essence  of 
aniseed.  By  oxidation,  this  substance,  which  is  homologous  to  oil 
of  bitter  almonds,  yields  oamic  acid,  a  white,  fatty,  volatile  sub- 
stance, insoluble  in  water,  having  but  little  odour,  and  crystallizing  in 
prismatic  tables.  It  contains  C2oHjj03,HO  (see  homologues  of 
benzoic  acid,  page  494). 

Oil  of  cedar-wood,  in  like  manner,  contains  two  substances,  a 
solid  crystalline  compound,  having  the  formula  C30H20O2,  and  a 
volatile  liquid  hydrocarbon,  cedrene,  C32H24,  which  can  also  be  ob- 
tained by  distilling  the  solid  with  anhydrous  phosphoric  acid. 

Oil  of  gaultheria  procumbbn'S. — This  very  remarkable  sub- 
stance is  now  known  in  commerce  under  the  name  of  winter-grem- 
oil ;  it  consists  almost  wholly  of  a  definite  principle  which  distils 
unchanged  at  435°  (223°"8C),  and  contains,  according  to  the  analysis 
of  M.  Cahours,  CjoHgOg.  When  mixed  with  dilute  caustic  pofcjssa, 
it  solidifies  to  a  crystalline  mass,  which  is  a  potassa-salt,  gatiltherate 
of  potassa,  and  from  which  the  oil  may  be  separated  again  unchanged 
on  addition  of  an  acid.    When  distilled,  however,  with  a  concentrated 
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solution  of  caustic  potassa,  the  oil  of  gaultheria  is  resolved  into  sali- 
cylic acid  and  wood  spirit,  thus  exactly  resembling  in  its  behaviour 
the  compound  ethers  which  have  been  described  in  a  previous  section 
of  the  Manual  (see  page  4'24).  This  oil  is,  in  fact,  a  veritable  com- 
pound ether,  salicylate  of  oxide  of  methyl,  C2N30,Ci4H505  =  C,gHg05, 
furnished  by  nature  herself.  With  ammonia  the  oil  yields  salicyl- 
amide,  014117X04  =  Ci4H504,NH2,  isomeric  with  anthranilic  acid 
(see  page  567),  which  is  converted  by  fuming  nitric  acid  into  the 
nitro-substitute,  nitro-salicylamide  (anilamide)  014(114X04)04, NHg, 
crystallizing  in  yellowish-white  needles.  Gaultheria  oil  is  isomeric 
with  anisic  acid  (see  page  609),  and  yields  by  distillation  at  a  high 
temperature  with  anhydrous  lime  and  baryta^  anisol,  Ci4H202,  the 
same  volatile  oily  liquid  which  is  obtained  from  anisic  acid  by  a  simi- 
lar process. 

Oil  of  valerian. — The  oil  obtained  by  distilling  valerian-root 
with  water  has  usually  a  viscid  consistence,  a  yellowish  colour,  and  a 
powerful  and  disagreeable  odour.  It  consists  of  at  least  three  princi- 
ples, namely,  valerianic  acid,  homeene  (see  camphor),  a  light  volatile 
liquid  hydrocarbon,  much  resembling  and  isomeric  with  oil  of  turpen- 
tin,  and  valerol,  a  neutral  oily  body,  much  less  volatile  than  the  pre- 
ceding, of  feeble  odour,  and  convertible  by  oxidizing  agents  into 
valeric  acid.  It  contains  C\2Hjo02.  Borneene,  under  certain  cir- 
cumstances not  well  understood,  assimilates  the  elements  of  water 
and  yields  the  solid  camphor  of  Borneo,  or  bomeol. 

Oamphok. — Common  camphor  yields  a  good  example  of  a  concrete 
essential  oil ;  it  is  obtained  by  distilling  with  water  the  wood  of  the 
Laurus  camphora.  When  pure,  it  forms  a  solid,  white,  crystalline, 
and  translucent  mass,  tough,  and  difficult  to  powder,  and  having  a 
powerful  and  very  familiar  odour.  It  melts  when  gently  heated,  and 
boils,  distilling  unchanged  at  a  high  temperature.  It  slowly  sublimes 
at  the  temperature  of  the  air,  and  often  forms  beautiful  crystals  on 
the  sides  of  bottles  or  jars  containing  it  exposed  to  the  light.  Cam- 
phor is  very  sparingly  soluble  in  water,  but  readily  soluble  in  alcohol, 
ether,  and  strong  acetic  acid.    It  contains  CioHgO,  or  OgoHigOg. 

By  the  action  of  nitric  acid  aided  by  heat,  camphor  is  gradually 
oxidized  and  dissolved  with  production  of  camijhoric  acid :  this  sub- 
stance forms  small  colouj-less  needles  or  plates,  of  acid  and  bitter 
taste,  sparingly  soluble  in  cold  water,  and  containing  CioH703,HO. 
It  melts  when  heated,  and  yields  by  distillation  a  coloui'less,  crystal- 
line, neutral,  substance,  containing  OioHyOg,  generally  termed  an- 
hydrous camphoric  acid. 

When  camphorate  of  lime  is  submitted  to  distillation,  it  yields  a 
volatile  oil  containing  oxygen,  in  its  formation  and  constitution  similai- 
to  acetone  (page  456)  or  benzophenone  (page  486).  This  substance, 
phorone,  contains  CgH^O,  or  CisU^fi^.  By  the  action  of  anhydrou 
phosphoric  acid  it  loses  water  and  furnishes  the  hydrocarbon  cumol, 
CieHia  (see  page 494). 
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When  camphor  in  vapour  is  passed  over  a  mixture  of  hydrate  of 
potassa  and  quicklime  strongly  heated  in  a  tube,  it  is  resolved  with- 
out disengagement  of  gas  into  an  acid  body  tenned  campholic 
acid,  white,  crystalline,  and  sparingly  soluble  in  water,  containing 
C2oH,703,HO.  By  distillation  with  anhydrous  phosphoric  acid,  this 
acid  gives  a  volatile  hydrocarbon,  campholene.  Camphor  itself,  by  a 
similar  mode  of  treatment,  yields  a  colourless  volatile  liquid,  C2oH,4, 
formerly  called  cainphogen,  but  since  found  to  be  identical  with  the 
hydrocarbon  cymol,  occuiring  in  the  oil  of  cumin. 

The  camphor  of  Borneo,  procured  from  the  Dnjahalanops  camphora, 
contains  CjoHiaOa  ;  it  is  accompanied  by  borneene,  identical  with 
that  of  the  oil  of  valerian,  and  yields  the  same  substance  when  dis- 
tilled with  anhydrous  phosphoric  acid.  Nitric  acid  converts  it  into 
common  camphor. 

The  oils  of  peppermint,  lavender,  rosemary,  orange-flowers,  rose- 
petals,  and  many  others,  belong  to  the  class  of  oxygenated  essential 
oils. 

Essential  Oils  containing  Sulphur. 

In  the  preparation  of  the  sulphm-etted  volatile  oils,  distillatory 
vessels  of  copper,  tin,  or  lead,  must  be  avoided,  as  those  metals  are 
attacked  by  the  sulphur.  In  other  respects  theu-  manufactui-e  oiFers 
no  peculiarities. 

Oil  of  mostaiid. — The  most  remarkable  member  of  the  class  is 
the  oil  obtained  by  distillation  from  black  mustard-seed.  White 
mustard  yields  none.  Both  varieties  give,  by  expression,  a  bland  fat 
oil.  The  volatile  oil  does  not  pre-exist  in  the  seed,  but  is  formed  in 
the  same  manner  as  bitter-almond  oil,  by  the  joint  action  of  water  and 
a  peculiai-  coagulable  albuminous  matter  upon  a  substance  yet  imper- 
fectly known,  present  in  the  grain,  and  termed  myronic  acid. 

The  distilled  oil,  when  pure,  is  colourless  ;  it  has  a  most  powerful, 
pimgeut,  and  suiFocating  smell,  and  a  density  of  1"015.  Applied  to 
the  sldn,  it  produces  almost  instant  vesication.  It  boils  at  289° 
(145°'8C).  Water  dissolves  it  in  small  quantity,  and  alcohol  and 
ether  very  fi'eely.  The  oil  itself,  at  a  high  temperature,  dissolve? 
both  sulphur  and  phosphorus,  and  deposits  them  in  a  crystalline  form 
on  cooling.  It  is  oxidized  with  violence  by  nitric  acid,  and  by  aqua 
regia.  Alkalies  decompose  it  by  the  aid  of  heat,  with  production  of 
ammonia,  an  alkaline  sulphide,  and  a  sulphocyanide.  The  remark- 
able compound  with  ammonia,  thiosinnamine,  has  been  already 
described  (see  page  577). 

Mustard-oil  gives  by  analysis  CeHgNSj,. 

The  oil  of  horse-radish,  and  that  obtained  from  the  roots  of  the 
Alliaria  officinalis  by  distillation  with  water,  are  identical  with  the 
oil  of  black  mustard-seed. 

Oil  of  garlic. — The  crude  oil  procured  by  distilling  the  sliced 
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bulbs  with  water  is  not  a  homogeneous  product;  by  the  action  of 
metallic  potassium,  however,  renewed  until  it  is  no  longer  tarnished, 
a  sniiill  portion  of  oxygenetted  oil  which  it  contains  may  be  decomposed 
and  withdrawn,  after  which  the  sulphuretted  compound  may  be  ob- 
tained pure  by  re-distillation.  In  this  state  it  forms  a  colourless  liquid, 
lighter  than  water,  of  high  refractive  power,  possessing  in  a  high  de- 
gree the  peculiar  odour  of  the  plant,  and  capable  of  being  distilled 
without  decomposition.  It  contains  CgH^S.  Gai'lic-oil  dissolved  in 
alcohol,  and  mixed  with  solutions  of  platinum,  silver,  and  mercury, 
gives  rise  to  crystalline  compounds  having  the  characters  of  double 
salts,  containing  the  elements  of  the  oil  with  the  sulphur  replaced  by 
oxygen  or  chlorine. 

A  curious  and  interesting  relation  exists  between  the  oils  of  mus- 
tard and  garlic :  in  both  these  substances,  we  may  assume  the 
existence  of  a  radical  CgHg,  to  which  the  name  allyl  has  been  given, 
when  mustard-oil  becomes  the  sulphocyanide,  and  garlic-oil  the  sul- 
phide of  allyl. 

Mustard-oil  CgHsNS  =  CeHsCgNSg.    Sulphocyanide  of  allyl. 
Gariic-oil     CeHgS    =  CeHjS  Sulphide  of  allyl. 

This  relation  has  been  experimentally  established.  By  mixing  the 
oil  with  hydrate  of  soda  and  quiclclime,  and  exposing  the  whole  in 
a  hermetically-sealed  tube  to  a  temperature  superior  to  that  of  boil- 
ing water,  sidphocyanide  of  sodium  is  produced,  together  with  an 
oily  substance  which  is  oxifie  of  ulhjl,  a  substance  chiefly  known  in 
combination,  and  which  is  the  oxygenetted  constituent  of  crude 
garlic-oil.  Again,  if  mustard-oil  be  treated  in  a  similar  manner  with 
sulphide  of  potassium,  sulphocyanide  of  potassium  and  garlic-oil  are 
formed.  On  the  other  hand,  when  the  compound  of  garlic-oil  and 
chloride  of  mercury  is  gently  heated  with  sulphocyanide  of  potassium, 
mustard-oil,  with  all  its  characteristic  properties,  is  called  into  ex- 
istence. 

The  oils  of  assafcetida,  and  onions,  contain  sulphur,  and  conse- 
quently belong  to  the  same  series  ;  they  have  not  yet  been  thoroughly 
examined. 


RESINS  AND  BALSAMS. 

Common  resin,  or  colophony,  furnishes  perhaps  the  best  example  of 
the  class.  The  origin  of  this  substance  has  been  already  described. 
It  is  a  mixture  of  two  distinct  bodies,  having  acid  properties,  called 
pinic  and  syhic  acids,  separable  from  each  other  by  their  difference  of 
solubility  in  cold  and  somewhat  dilute  alcohol,  the  fonner  being  by  far 
the  more  soluble  of  the  two.  Pure  sylvic  acid  crystallizes  in  small, 
colourless,  rhombic  prisms,  insoluble  in  water,  soluble  in  hot,  strong 
alcohol,  in  volatile  oils,  and  in  ether.    It  melts  when  heated,  but  can- 
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not  be  distilled  without  decomposition.    The  properties  of  pinic  acid 
are  very  similar.    Both  have  the  same  composition,  viz.,  C2(,H(jO 
A  third  resin-acid,  also  isomeric  with  the  preceding,  the  pimaric  has 
been  found  in  tlie  turpentin  of  the  Pinus  maritima  of  Bordeaux. 

Lac  is  a  very  valuable  resin,  much  harder  than  colophony,  and 
easily  soluble  in  alcohol ;  three  varieties  are  known  in  commerce,  viz., 
stick-lac,  seed-lac,  and  shellac.  It  is  used  in  varnishes,  and  in  the  manu- 
facture of  hats,  and  very  largely  in  the  preparation  of  sealing-wax,  of 
which  it  forms  the  chief  ingredient.  Crude  lac  contains  a  red  dye 
which  is  partly  soluble  in  water.  Lac  dissolves  in  considerable  quan- 
tity in  a  hot  solution  of  borax;  Indian  ink,  rubbed  up  with  this 
liquid,  forms  a  most  excellent  label-ink  for  the  laboratory,  as  it  is  un- 
affected by  acid  vapours,  and,  when  once  dry,  becomes  nearly  insolu- 
ble in  water. 

Mastic,  Dammar-resin,  and  sandarac  are  resins  largely  used  by  the 
varnish-maker.  Dragon's-blood  is  a  resin  of  a  deep-red  colour.  Copal 
is  also  a  very  valuable  substance  ;  it  differs  from  the  other  resins,  in 
being  with  difficulty  dissolved  by  alcohol  and  essential  oils.  It  is 
miscible,  however,  in  the  melted  state  with  oils,  and  is  thus  made  into 
varnish.  Amber  appears  to  be  a  fossil  resin  ;  it  is  found  accompanying 
brown-coal  or  lignite. 

Caodtchouc. — This  curious,  and  now  most  useful  substance,  is 
the  produce  of  several  trees  of  tropical  countries,  which  yield  a  milky 
juice,  hardening  by  exposure  to  the  air.  In  a  pure  state  it  is  nearly 
white,  the  dark  colour  of  commercial  caoutchouc  being  due  to  the 
eflects  of  smoke  and  other  impurities.  Its  physical  characters  are 
well  known.  It  is  softened,  but  not  dissolved  by  boiling  water;  it  is 
also  insoluble  in  alcohol.  In  pure  ether,  rectified  native  naphtha,  and 
coal-oil,  it  dissolves,  and  is  left  unchanged  on  the  evaporation  of  the 
solvent.  Oil  of  turpentin  also  dissolves  it,  forming  a  viscid,  adhesive 
mass,  which  dries  very  imperfectly.  At  a  temperature  a  little  above 
the  boiling-point  of  water  caoutchouc  melts,  but  never  afterwards  re- 
turns to  its  former  elastic  state.  Few  chemical  agents  affect  this  sub- 
stance ;  hence  its  gi'eat  practical  use,  in  chemical  investigations,  for 
connecting  apparatus,  &c.  Analysis  shows  it  to  contain  nothing  but 
carbon  and  hydrogen. 

By  destructive  distillation  caoutchouc  yields  a  large  quantity  of  thin 
volatile  oily  liquid,  of  naphtha-like  odour,  to  which  the  name  caout- 
choucine  has  been  applied.  This  is  probably  a  mixture  of  several  hy- 
drocarbons, scarcely  to  be  separated  from  each  other  by  distillation  or 
otherwise.    It  dissolves  caoutchouc  with  facility. 

A  substance  much  resembling  caoutchouc  in  certain  respects,  and 
of  similar  origin,  has  lately  been  introduced  under  the  name  of  gutta 
percha.    It  promises  to  aflbrd  many  useful  applications. 

Most  of  the  resins,  when  exposed  to  destructive  distillation,  yield 
liquid,  oily  pyro-products,  usually  carbides  of  hydrogen,  which  have 
been  studied  with  partial  success.    Great  difficulties  occur  in  these 
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investigations ;  the  task  of  separating  from  each  other,  and  isolating 
bodies  which  scarcely  differ  but  in  their  boiling-points,  is  exceedingly 
troublesome. 

Balsams  are  also,  as  before  hinted,  natural  mixtures  of  resins  with 
volatile  oils.  These  differ  very  greatly  in  consistence,  some  being 
quite  fluid,  others  solid  and  brittle.  By  keeping,  the  softer  kinds 
often  become  hard.  Balsams  may  be  conveniently  divided  into  two 
classes,  viz.,  those  which,  like  common  and  Venice  turpentin,  Canada 
balsam,  copaiba  balsam,  &c.,  are  merely  natural  varnishes,  or  solutions 
of  resins  in  volatile  oils,  and  those  which  contain  benzoic  or  cinnamic 
acid  in  addition,  as  Peru  and  Tolu  balsams,  and  the  solid  resinous 
benzoin,  commonly  called  gum-benzoin. 

Tolu-balsam,  by  distillation  with  water,  yields  three  products ; 
namely,  benzoic-acid,  the  cinnameiu  of  M.  Fremy,  (p.  501,)  and 
tolerie,  a  volatile  colourless  hydrocarbon,  boiling  at  338°  (170°C),  and 
containing  Cj^Hjg.  The  balsam  freed  in  this  manner  from  essential  oils, 
exposed  to  destructive  distillation,  yields  in  succession  a  viscous  liquid 
which  crystallizes  in  the  receiver,  and  a  thin  liquid  heavier  than 
water  ;  carbonic  acid  and  carbonic  oxide  are  largely  evolved,  and  the 
retort  is  afterwards  found  to  contain  a  residue  of  charcoal.  The  solid 
product  is  chiefly  a  mixture  of  benzoic  and  cinnamic  acids  ;  the  vola- 
tile oil  contains  at  least  two  substances  differing  in  their  boiling-points, 
and  easily  separated,  namely,  toluol  (benzoene,  see  page  494),  and  an 
oily  liquid  heavier  than  water,  of  high  boiling-point,  and  having  the 
composition  and  characters  of  benzoic  ether. 

Toluol  is  a  thin,  colourless  liquid,  insoluble  in  water,  sparingly 
soluble  in  alcohol,  more  fi-eely  in  ether  :  it  has  the  odour  of  benzol ; 
its  sp.  gr.  is  -870,  and  it  boils  at  226°  (108°C).  The  density  of  its 
vapour  is  3'26,  and  its  formula  Ci^Hg.  It  combines  with  fuming 
sulphuric  acid  to  the  compound  sulphotoluolic  acid,  and  with  nitric 
acid  yields  two  products,  nitrotoluol,  Q^^j^O,^,  and  binitrotoluol, 
^14^6^208.  The  foi-mer  is  fluid,  heavier  than  water,  and  bears  a 
great  resemblance  in  odour  and  other  properties  to  nitrobenzol ;  the 
latter  is  a  soUd,  fusible,  crystallizable  substance.  The  conversion  of 
nitrotoluol  into  the  organic  base  toluidine,  has  been  already  described 
(see  page  571). 

Liquid  storax  distilled  with  water,  holding  in  solution  a  little  car- 
bonate of  soda,  yields  a  small  and  variable  quantity  of  volatile  oil,  not 
homogeneous,  but  from  which,  by  careful  distillation,  a  liquid  volatUe 
hydrocarbon,  termed  styrol,  can  be  extracted  in  a  state  of  purity.  It 
is  thin  and  colourless,  of  powerful  aromatic  odour,  refuses  to  solidify 
when  cooled  to  0°  (—17°-  7C),  and  boils  at  293°  (145°C).  Its  sp.  gr.  is 
•924;  it  is  nearly  insoluble  in  water,  but  mixes  freely  with  alcohol 
and  ether.  Styrole  contains  C^^Bg,  and  is  consequently  isomeric  with 
benzol. 

When  a  portion  of  styrol  is  hennetically  sealed  in  a  glass  tube, 
and  then  exposed  for  half  an  hour  to  a  temperature  approaching  400° 
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(200°C)  by  moans  of  an  oil-bath,  it  undergoes  a  most  remarkable 
change,  becoming  converted  into  a  solid,  transparent,  glassy,  fusible 
substance,  called  mctasUjrol,  isomeric,  as  might  be  expected,  with  styrol 
itself.  The  same  change  is  slowly  produced  by  the  influence  of  sunshine. 
A  portion  of  metastyrol  is  always  formed  when  styrol  is  distilled  in  a 
retort  without  water.  Metastyrol  is  again  convertible  by  distillation 
at  a  high  temperature  into  liquid  styrol.* 

Certain  of  the  products  of  the  distillation  of  dragon's-blood  appear 
to  be  identical  with  these  bodies. 


*  Mem.  Chem.  See,  ii.  334. 
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Albltminous  principles,  albumin. — The  fluid  portion  of  blood 
which  has  been  some  time  drawn  from  the  living  body,  and  the  white 
of  eggs,  contain  this  substance  as  their  chief  and  characteristic  ingre- 
dient. In  the  purest  form  in  which  albumin  has  yet  been  obtained 
it  is  insoluble,  or  nearly  so,  in  water.  If  clear  serum  of  blood,  or 
white  of  egg  mixed  with  a  little  water  and  filtered,  be  exactly  neu- 
tralized by  acetic  acid,  and  then  largely  diluted  with  pure  cold  water, 
a  copious  flocculent  precipitate  falls,  which  may  be  collected  on  a  filter, 
and  washed.  In  this  state  it  is  nearly  colourless,  inodorous,  and  taste- 
less ;  it  dissolves  with  facility  in  water  containing  an  exceedingly 
small  quantity  of  caustic  alkali,  and  gives  a  solution  which  has  all  the 
characters  of  the  original  liquid.  When  dried  by  gentle  heat,  it  shrinks 
to  a  very  small  bulk,  and  becomes  a  translucent,  horny  mass,  which 
softens  in  water,  and  exhales  when  exposed  to  heat  the  usual  ammo- 
niacal  products  of  animal  matter,  leaving  a  bulky  coal,  veiy  difficult 
of  combustion.  When  wliite  of  egg  is  thinly  spread  upon  a  plate,  and 
exposed  to  evaporation  in  a  warm  place,  it  dries  up  to  a  pale-yellow, 
brilliant,  gum-like  substance,  destitute  of  all  traces  of  crystalline 
structure.  In  this  state  it  may  be  preserved  unchanged  for  any  length 
of  time,  the  presence  of  water  being  in  aU  cases  necessary  to  putre- 
factive decomposition.  The  dried  white  of  egg  may  also  be  exposed 
to  a  heat  of  212°  (100°C)  without  alteration  of  properties.  When 
put  into  slightly-warm  water,  it  softens,  and  at  length  in  great  mea- 
sure dissolves.  When  reduced  to  fine  powder  and  washed  upon  a 
filter  with  cold  water,  common  salt,  sulphate,  phosphate,  aiid  carbo- 
nate of  soda  are  dissolved  out,  together  with  mere  traces  of  organic 
matter,  while  a  soft  swollen  mass  remains  upon  the  filter,  which  has 
all  the  characters  of  pure  albumin  obtained  by  precipitation.  When 
dried  and  incinerated,  this  leaves  nothing  but  a  little  phosphate  of  lime. 

It  thus  appears  likely  that  albumin  is  really  an  insoluble  substance, 
and  that  its  soluble  state  in  the  animal  system  is  due  to  the  presence 
of  a  little  alkali. 

When  natural  albumin  is  exposed  to  heat  it  solidifies,  or  coagulates. 
The  temperature  required  for  this  purpose  varies  with  the  state  of 
dilution.  If  the  quantity  of  albumin  be  so  great  that  the  liquid  has 
a  slimy  aspect,  a  heat  of  145°  or  150°  (62°-5  or  69°-5C)  suffices 
and  the  whole  becomes  solid,  white,  and  opaque ;  in  a  very  dilute 
condition,  boiling  is  required,  and  the  albumin  then  separates  in 
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light,  finely-divided  flocks.  Thus  changed  by  heat,  albumin  becomes 
quite  insoluble  in  water ;  it  dries  up  to  a  yellow,  transparent,  homy 
substance,  which  when  macei'ated  in  water  resumes  its  foimer  white- 
ness and  opacity.  In  dilute  caustic  alkali  it  dissolves  with  facihty, 
and  in  this  respect  resembles  the  insoluble  albumin  just  described; 
it  ditfers,  however,  from  the  latter  in  not  being  soluble  in  a  strong 
solution  of  nitrate  of  potausa,  which  dissolves  with  gi-eat  ease  that 
substance.  The  only  chemical  change  that  can  be  traced  in  the  act 
of  coagulation  is  the  loss  of  alkali  and  soluble  salts,  which  are  removed 
by  the  hot  water. 

A  solution  of  ordinary  albumin  gives  precipitates  with  excess  of 
sulphuric,  hydrochloric,  nitric,  and  ?neJa-phosphoric  acids ;  but  neither 
with  acetic  nor  with  common  or  tribasic  phosphoric  acid.  These 
precipitates,  which,  though  soluble  in  water,  are  insoluble  in  an 
excess  of  dilute  acid,  are  looi<ed  upon  as  direct  compounds  of  albumin 
with  the  acids  in  question.  Most  of  the  metallic  salts,  as  those  of 
copper,  lead,  mercury,  &c.,  form  insoluble  compounds  with  albumin, 
and  give  precipitates  with  its  solution ;  hence  the  value  of  white  of 
egg  as  an  antidote  in  cases  of  poisoning  with  corrosive  sublimate. 
Alcohol,  added  in  large  quantity,  precipitates  albumin.  Tannic 
acid,  or  infusion  of  galls,  gives  with  it  a  copious  precipitate.  By  these 
characters  the  pi'esence  of  albumin  may  be  readily  discovered,  and 
its  identification  effected ;  a  very  feebly  alkaline  liquid,  if  containing 
albumin,  coagulates  by  heat,  becomes  turbid  on  the  addition  of  nitric 
acid,  and  previously  acidulated  by  acetic  acid,  gives  a  precipitate 
with  solution  of  corrosive  sublimate.  It  must  be  remembered,  that  a 
considerable  quantity  of  alkali,  and  very  minute  quantities  of  the 
mineral  acids,  prevent  coagulation  by  heat,  and  the  addition  of  acetic 
acid,  indispensable  to  the  mercury -test,  produces  the  same  effect. 

The  chemical  composition  of  albumin  has  been  carefully  studied ; 
it  contains  in  100  parts — 

Carbon  .          .          .          •          •  53'5 

Hydrogen  ....  7"0 

Nitrogen  .....  15*5 

Oxygen      .  .           .           .          •  -2*0 

Phosphorus  .          .          .          .          •  0'4 

Sulphur     .  .           .          .          •  1'6 

lOO-O 

The  existence  of  unoxidized  sulphur  in  albumin  is  easily  shown  ;  a 
boiled  egg  blackens  a  silver  spoon  from  a  trace  of  alkaline  sulphide 
formed  or  separated  during  the  coagulation;  and  a  solution  of  albumm 
in  excess  of  caustic  potassa,  mixed  with  a  little  acetate  of  lead,  gives 
on  boiling  a  black  precipitate  containing  sulphide  of  lead. 

Fjbrin.— This  substance  is  found  in  solution  in  the  blood.  It  is 
procured  by  washing  the  coagulum  of  blood  in  a  cloth  until  all  tlie 
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soluble  portions  are  removed,  or  by  agitating  fresh  blood  with  a 
bundle  of  twigs,  when  the  fibrin  attaches  itself  to  tlie  latter,  and  is 
easily  removed  and  cleansed  Dy  repeated  washing  with  cold  water.  The 
only  impurity  then  remaining  is  a  small  quantity  of  fat,  which  can 
be  extracted  by  ether.  In  the  fresh  state  fibrin  forms  long,  white, 
elastic  filaments ;  it  is  quite  tasteless,  and  insoluble  in  both  hot  and 
cold  water.  By  long-continued  boiling  it  is  partly  dissolved.  When^ 
dried  in  vacuo,  or  at  a  gentle  heat,  it  loses  about  80  per  cent,  of 
water,  and  becomes  translucent  and  horny:  in  this  state  it  closely 
resembles  coagulated  albumin.  Fresh  fibrin  wetted  with  concen- 
trated acetic  acid,  forms,  after  some  hours,  a  transparent  jelly,  which 
slowly  dissolves  in  pure  water ;  put  into  a  very  dilute  caustic  alkali, 
fibrin  dissolves  completely,  and  the  solution  exhibits  many  of  the 
characters  of  albumin.  Phosphoric  acid  produces  a  similar  effect. 
Boiled  with  strong  hydrochloric  acid  for  several  hours,  fibrin  yields 
among  other  products  leucine  (see  page  622)  and  tyrosine  (see  page 
591). 

The  fibrin  of  arterial  and  venous  blood  is  not  absolutely  the  same : 
when  the  venous  fibrin  of  human  blood  is  triturated  in  a  mortar  with 
1^  times  its  weight  of  water  and  \  of  its  weight  of  nitrate  of  potassa, 
and  the  mixture  is  left  24  hours  or  more  at  a  temperature  of  100° — 
120°  (37°-7— 48C°-8),  it  becomes  gelatinous,  slimy,  and  eventually 
entirely  liquid ;  in  this  condition  it  exhibits  all  the  properties  of  a 
solution  of  albumin  which  has  been  neutralized  by  acetic  acid.  It 
coagulates  by  heat,  it  is  precipitated  by  alcohol,  corrosive  sublimate, 
&c.,  and  when  largely  diluted  it  deposits  a  tiocculent  substance,  not 
to  be  distinguished  from  insoluble  albumin.*  With  arterial  fibrin, 
on  the  contrary,  no  such  liquefaction  happens,  and  even  the  fibrin  of 
venous  blood,  when  long  exposed  to  the  air,  or  to  oxygen  gas,  loses 
the  property  in  question. 

In  the  soluble  state,  fibrin  is  in  great  measure  unknown  ;  when 
withdrawn  from  the  influence  of  life,  it  coagulates  spontaneously  after 
a  certain  interval,  giving  rise  to  the  production  of  the  clot  which 
appears  in  blood  left  to  itself,  and  which  consists  of  a  kind  of  fine 
network  of  fibres,  swollen  with  liquid  serum,  and  enclosing  the  little 
red  colouring  particles  of  the  blood,  hereafter  to  be  described. 

M.  Mulder  found  dried  fibrin,  carefully  freed  from  fat,  to  be  com- 
posed as  follows : — 

Carbon  .  .  .  .  52"7 

Hydrogen  .....  6-9 
Nitrogen        •  •  •  .  .  15'4 

Oxygen     .          .  .  .  ,23-5 

Phosphorus     .  .  .  .  .  0'3 

Sulphur    .  .  .  .  _  2-2 


*  Liebig,  HandwSrterbuoh  der  Chemie,  i.  881. 
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The  ash,  or  incombustible  portion  of  fibrin,  varying  fi-om  0-7  to 
2"5  per  cent.,  consists  chiefly  of  the  phosphate  of  lime. 

Fibrin  of  flesh.— This  was  formerly  considered  to  be  identical 
with  the  fibrin  of  the  blood.  Liebig's  late  researches  have  proved  the 
contrary.  Whether  it  exists  in  the  body  in  the  coagulated  or  un- 
coagulated  state  is  doubtful.  The  rigor  mortis  shows  that  it  probably 
is  in  tlie  latter  state.  Fresh-cut  meat  is  treated  with  cold  water,  and 
the  residue  is  mixed  with  water  containing -,L  hydrochloric  acid;  a 
thickish  solution  is  thus  obtained  which  can  be  filtered.  The  acid 
solution  is  neutralized  by  ammonia,  which  causes  a  precipitate ;  this 
is  washed  with  water,  alcohol,  and  ether.  It  is  then  dried.  The 
fibrin  thus  prepared  is  soluble  in  lime  water,  and  the  solution  coagulates 
when  boiled  like  albumin.  Strecker  found  the  following  numbers, 
which  correspond  to  albumin  more  than  to  fibrin  of  the  blood : — 

Carbon        .....  55-23 

Hydrogen           ....  7-39 

Nitrogen      .....  15-84 

Oxj-gen   .....  20-33 

Sulphur       .....  1-21 

Lehmann  has  given  this  substance  the  name  of  Syntonin  (fi-om 
ffvvTfiveiv). 

Casein. — This  is  the  characteristic  azotized  component  of  milk, 
and  the  basis  of  the  various  preparations  tei-med  cheese.  It  probably 
exists  in  small  quantities  in  healthy  blood.  Casein  very  closely  re- 
sembles albumin  in  many  particulars,  and  may  even  be  occasionally 
confounded  with  it.  Like  that  substance,  it  is  insoluble  in  water 
when  in  a  state  of  purity,  and  only  assumes  the  soluble  condition  in 
the  presence  of  free  alkali,  of  which,  however,  a  very  small  quantity 
suffices  for  the  purpose.  To  prepare  casein,  fresh  milk  is  gently 
warmed  with  dilute  sulphuric  acid,  the  coagulum  produced  well  washed 
with  water,  dissolved  in  a  dilute  solution  of  carbonate  of  soda,  and 
placed  in  a  warm  situation  to  allow  the  fat  or  butter  to  separate  fi-om 
the  watery  liquid.  The  latter  is  then  removed  by  a  siphon,  and  re- 
precipitated  by  sulphuric  acid.  These  precipitations  and  re-solutions 
in  dilute  alkali  are  several  times  repeated.  Lastly,  the  insoluble  casein 
is  well  washed  with  boiling  water,  and  treated  with  ether  to  )-emove 
the  last  traces  of  fat.  In  this  state  it  is  a  white  curdy  substance,  not 
sensibly  soluble  in  pure  water  or  in  alcohol,  but  dissolved  with  great 
ease  by  water  containing  a  little  caustic  or  carbonated  alkali.  It  is 
also  soluble  to  a  certain  extent  in  dilute  acids,  from  which  it  may  be 
precipitated  by  cautious  neutralization.  The  precipitate  fonued  by  an 
acid  in  a  strong  solution  of  casein  contains  acid  in  combination,  which, 
however,  may  be  entirely  removed  by  washing.  In  the  moist  state 
casein  reddens  litmus-paper,  and  masks  the  reaction  of  an  alkaline  car- 
bonate. When  incinerated,  it  leaves  about  0-3  per  cent,  of  incom- 
bustible matter. 


COMPONENTS  OF  THE  ANIMAL  BODY. 


621 


A  solution  of  casein  in  very  dilute  alkali,  as  in  milk,  does  not 
coagulate  on  boiling.  On  evaporation  the  surface  becomes  covered 
by  a  skin,  in  consequence  of  tlie  action  of  the  oxygen  of  the  air  on  the 
casein,  and  the  whole  eventually  dries  up  to  a  translucent  mass. 
Acetic  acid  precipitates  casein,  which  is  a  distinctive  character  between 
that  substance  and  albumin. 

By  fusion  with  hydi-ate  of  potassa  casein  yields  valeric  and 
butp-ic  acids,  besides  other  products. 

The  most  striking  property  of  casein  is  its  coagulability  by  certain 
animal  membranes.  This  is  well  seen  in  the  process  of  cheese-maldng, 
in  the  preparation  of  the  curd.  A  piece  of  the  stomach  of  the  calf, 
with  its  mucous  membrane,  is  slightly  washed,  put  into  a  large  quan- 
tity of  milk,  and  the  whole  slowly  heated  to  about  122«  (50°C).  In 
a  short  time  after  tliis  temperature  has  been  attained,  the  milk  is  ob- 
served to  separate  into  a  solid,  white  coagulum,  or  mass  of  curd,  and 
into  a  yellowish,  translucent  liquid  called  whey.  The  curd  contains 
all  the  casein  of  the  milk,  much  of  the  fat,  and  much  of  the  inorganic 
matter:  the  whey  retains  the  milk-sugar  and  the  soluble  salts.  It 
is  just  possible  that  this  mysterious  change  may  be  really  due  to  the 
fbiination  of  a  little  lactic  acid  from  the  milk-sugar,  under  the  joint 
influence  of  a  slowly  decomposing  membrane  and  the  elevated  tem- 
perature, and  that  this  acid  may  be  sufficient  in  quantity  to  withdraw 
the  alkali  which  holds  the  casein  in  solution,  and  tluis  occasion  its 
precipitation  in  the  insoluble  state.  The  loss  of  weight  the  membrane 
itself  suffers  in  this  operation  is  very  small ;  it  has  been  found  not  to 
exceed  part. 

Casein  has  been  carefully  analyzed  by  Mulder  ;  it  contains  in  100 
parts — 

Carbon  53-83 

Hydrogen        ......  7-15 

Nitrogen  15-65 

I  90.07 
SulphurJ ^^"^^ 


100-00 

When  precipitated  by  acetic  acid  and  washed  with  alcohol  and 
ether  it  contains  about  1  per  cent,  of  sulphur.  When  not  treated 
with  acid  it  contains  about  6  per  cent,  of  phosphate  of  lime. 

A  comparison  of  the  composition  of  these  three  bodies  described  is 
very  remarkable,  as  it  shows  that  they  are  very  closely  related  in 
composition.  The  fibrin  contains  rather  a  larger  quantity  of  oxygen 
than  the  albumm,  and  the  casein  contains  no  phosphorus.  As,  how- 
ever, it  is  very  doubtful  whether  these  substances  have  been  obtained 
in  an  unmixed  and  pure  state  no  formula;  can  be  o-iven. 

Protein.— Mulder  observed  that  when  albumin,  fibrin,  or  casein 
was  dissolved  in  a  moderately  strong  solution  of  caustic  alkali  and 
digested  at  140°  (60°-C),  or  thereabouts,  in  an  open  vessel  until  the 
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liquid  ceased  to  blacken  with  a  salt  of  lead,  and  then  filtered,  and 
mixed  with  a  slight  excess  of  acetic  acid,  a  copious,  snow-white  floc- 
culent  precipitate  fell,  and  a  faint  odour  of  sulphuretted  hydrogen 
was  evolved.  The  new  substance  he  called  protein.*  He  stated  that 
it  was  free  from  sulphur  and  phosphorus,  and  that  it  was  by  the  com- 
bination of  different  quantities  of  these  elements  with  protein,  that 
albumin,  fibrin,  and  casein,  were  produced,  the  protein  pre-existing 
in  each  of  these  substances.  It  is,  however,  now  admitted,  that 
neither  by  the  above-mentioned  treatment,  nor  in  any  way,  can  a  sub- 
stance free  from  sulphur  be  obtained,  and  the  protein  must  therefore 
be  considered  as  one  of  the  first  products  of  the  decomposition  of 
albumin,  fibrin,  and  casein,  by  moderately-strong  caustic  alkali. 

When  albumin,  fibrin,  or  casein,  are  boiled  in  strong  solution  of 
potassa,  as  long  as  ammoniacal  vapours  are  given  off,  the  liquid  then 
neutralized  vdth  sulphuric  acid,  evaporated  to  dryness,  and  the  pro- 
duct exhausted  by  boiling  alcohol,  three  compounds  are  dissolved  out, 
viz.,  a  soluble,  brown  extract-like  substance,  erythroprotide  ;  a  soluble 
straw-yellow  substance,  j3?-o<ic?e,  and  a  curious  crystallizable  principle, 
leucine,  which  forms  small  colourless  scales,  destitute  of  taste  and 
odour,  soluble  in  water  and  alcohol,  and  in  concentrated  sulphuric 
acid  without  decomposition.  When  heated,  it  subhmes  unchanged. 
Leucine  contains  CijHigNO^  (see  page  624). 

Binoxide  and  Teroxide  of  Protein, — These  names  were  given  by 
Mulder  to  products  of  the  long-continued  action  of  boiling  water 
upon  fibrin  in  contact  with  air  :  they  are  said  to  be  the  chief  ingre- 
dients also  of  the  huffy  coat  of  blood  in  a  state  of  inflammation, 
being  produced  at  the  expense  of  the  fibrin. f  They  cannot  be  ob- 
tained free  from  sulphur.  Binoxide  of  protein  is  quite  insoluble  in 
water,  but  dissolves  in  dilute  acids;  when  dry,  it  is  dark  coloured. 
The  soluble  part  of  the  fibrin-decoction  contains  teroxide  of  protein, 
which  somewhat  resembles,  and  has  been  confounded  with,  gelatin. 
It  is  freely  soluble  in  boiling  water,  and  in  dilute  alkalis.  Coagulated 
albumin  is  slowly  dissolved  by  boiling  water,  and  said  to  be  converted 
into  this  substance.  The  solution  in  cold  water  gives  a  precipitate  with 
niti-ic  acid  which  is  re-dissolved  on  the  appUcation  of  heat,  and  re- 
precipitated  when  cooled.  A  substance  closely  resembling  this  in  its 
reactions  and  composition  has  been  found  in  the  urine  of  a  patient 
suffering  from  moUities  ossium.\ 

When  chlorine  gas  is  passed  to  saturation  into  a  solution  of  ordi- 
nary albumin,  or  either  fibrin  or  casein  dissolved  in  ammonia,  a 
white,  flocculent,  insoluble  substance  falls,  which,  when  washed  and 
dried,  becomes  a  soft  yellowish  powder.  This  is  supposed  to  be  a 
compound  of  chlorous  acid  and  protein ;  when  digested  with  ammo- 
nia, it  yields  sal-ammoniac  and  teroxide  of  protein. 

*  So  called  from  -npuiTevia,  I  take  the  first  place ;  in  allusion  to  its  alleged 
important  relations  to  the  albuminous  principles. 

f  Mulder,  Annalen  der  Chemie  und  I'harmucie,  xlvii.  323. 
I  See  Philosophical  Trans.  1848. 
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Globulin  exists  in  concentrated  solution  in  the  crystalline  lens, 
and  in  the  blood-globules.  The  crystalline  lens  is  triturated  with 
water,  and  the  clear  iluid  obtained  by  filtration,  is  evaporated  to 
dryness  at  122"  (50°C).  The  dry  residue  is  then  powdered  and  treated 
with  ether  and  alcohol,  to  separate  fatty  matter  and  salts.  When  dis- 
solved in  water  it  is  precipitated  by  strong  alcohol,  like  albumin  ;  it  is 
then  no  longer  soluble  in  water,  but  it  is  partly  soluble  m  dilute 
boiling  alcohol.  This  reaction  distinguishes  it  from  albumin.  Like 
albumin,  it  is  coagulated  by  heat,  and  has  the  same  reaction  with 
mineral  acids  and  salts. 

Mulder  has  analyzed  the  coagulated  globulin  from  the  crystalline 
lens.    He  gives 

Carbon    .        .        .        .        .        •  54-60 

Hydrogen  6-94 

Nitrogen  16'22 
Oxygen  j  2'>-''4 


Sulphur) 


100-00 


He  found  only  0-3  per  cent,  sulphur  and  no  phosphorus.  Others  have 
found  1-134  per  cent,  sulphur. 

Gelatin  and  Chondkin. —Animal  membranes,  skin,  tendons,  and 
even  bones,  dissolve  in  water  at  a  high  temperature  more  or  less  com- 
pletely, but  with  very  different  degrees  of  facility,  giving  solutions 
which  on  cooling  acquire  a  soft-solid,  tremulous  consistence.  The 
substance  so  produced  is  called  gelatin  ;  it  does  not  pre-exist  in  the 
animal  system,  but  is  generated  from  the  membranous  tissue  by  the 
action  of  hot  water.  The  jelly  of  calves'  feet,  and  common  size  and 
glue,  are  familiar  examples  of  gelatin  in  different  conditions  of  purity. 
Isinglass,  the  dried  swimming-bladder  of  the  sturgeon,  dissolves  in 
water  merely  warm,  and  yields  a  beautifully  pure  gelatin.  In  this 
state  it  is  white  and  opalescent,  or  translucent,  quite  insipid  and  in- 
odorous, insoluble  in  cold  water,  but  readily  dissolving  by  a  slight  ele- 
vation of  temperature.  Cut  into  slices  and  exposed  to  a  current  of 
dry  air,  it  shrinks  prodigiously  in  volume,  and  becomes  a  transparent, 
glassy,  brittle  mass,  which  is  soluble  in  warm  water,  but  insoluble  in 
alcohol  and  ether.  By  dry  distillation  a  watery  fluid  is  produced, 
containing  much  carbonate  of  ammonia,  and  a  thick  brown  oil,  in 
which,  besides  carbonate  of  ammonia,  sulphide  of  ammonium,  cyanide 
of  ammonium,  and  neutral  oily  bodies,  various  basic  substances  exist, 
as  aniline,  picoline,  methylamine,  trimethylamine,  butylamine,  and 
probably  many  others.  In  a  dry  state,  gelatin  may  be  kept  indefinitely  ; 
in  contact  with  water,  it  putrefies.  Long-continued  boiling  gradually 
alters  it,  and  the  solution  loses  the  power  of  forming  a  jelly  on  cooling. 
1  part  of  chy  gelatin  or  isinglass  dissolved  in  lUO  parts  of  water 
solidifies  on  cooling. 
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An  aqueous  solution  of  gelatin  is  precipitated  by  alcohol,  which 
withdraws  the  water  ;  corrosive  sublimate  in  excess  gives  a  white 
flocculeut  precipitate,  and  tlie  same  happens  with  solution  of  nitrate 
of  the  sub-  and  protoxide  of  mercury ;  neither  alum,  acetate,  nor  basic 
acetate  of  lead  affect  a  solution  of  gelatin.  With  tannic  acid  or  infu- 
sion of  galls  gelatin  gives  a  copious,  whitish  curdy  precipitate,  which 
coheres  on  stirring  to  au  elastic  mass,  quite  insoluble  in  water,  and 
incapable  of  putrefaction. 

Tannic  acid  is  the  only  acid  that  gives  a  precipitate  with  a 
solution  of  gelatin.  It  does  so  even  when  the  solution  is  exceedingly 
dilute. 

Chlorine  passed  into  a  solution  of  gelatin  occasions  a  dense  white 
precipitate  of  chlorite  of  gelatin,  which  envelopes  each  gas-babble, 
and  ultimately  forms  a  tough,  elastic,  pearly  mass,  somewhat  resem- 
bling fibrin.  Boiling  with  strong  alkalis  converts  gelatin,  with  evo- 
lution of  ammonia,  into  leucine,  and  a  sweet  ci-ystallizable  principle, 
gelatin-sugar  or  glycocoll,  or  better,  glycocine  containing  C^H^NO^. 
This  remarkable  substance  was  first  formed  by  the  action  of  cold  con- 
centrated sulphuric  acid  upon  gelatin,  and  has  lately  been  obtained 
by  the  action  of  acids  upon  hippuric  acid,  wliich  is  thereby  resolved 
into  benzoic  acid  and  glycocine  (see  page  493).  It  forms  colourless 
crystals,  freely  soluble  in  water,  and  unites  to  crystallizable  com- 
pounds with  a  great  number  of  bodies,  acids,  bases,  and  salts.  Glyco- 
cine, when  treated  with  nitrous  acid  yields  an  acid  homologous  to 
lactic  acid  (see  page  420),  to  which  the  name  of  glycolic  acid  has  been 
given. 

C.HjNO,  +  NO3    =    C^H^g  +  2N-hH0 

Glycocine.  Glycolic  acid. 

This  substance,  which  is  but  imperfectly  studied,  appears  to  be 
present  likewise  in  the  mother-liquor  fi-om  which  the  fuhninate  of 
silver  has  been  deposited.  There  exists  a  remarkable  relation  be- 
tween glycocine,  alanine,  and  leucine,  two  substances  which  have 
been  previously  described  (pages  578  and  622).  These  three  bodies 
are  homologous,  as  will  be  seen  from  the  following  formula; : — 

Glycocine  ..... 

Alanine  ......  CgH^NO^ 

Leucine       .....  Ci2H,3NO^. 

The  deportment  of  these  three  substances  with  nitrous  acid  is  per- 
fectly alike.  Leucine,  according  to  M.  Strecker,  yields  a  new  acid 
CiaHijOg  homologous  to  glycolic  and  lactic  acids,  which  has  not  yet 
been  perfectly  examined. 

When  a  dilute  solution  of  gelatin  is  distilled  with  a  mixture  of 
bichromate  of  potassa  and  sulphuric  acid,  it  yields  a  number  of  extra- 
ordinary products,  as  acetic,  valeric,  benzoic,  and  hydrocyanic 
acids,  and  two  volatile  oily  principles  termed  valeronitrile  and  valcra- 
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cetonitrile.  The  former  is  a  thin  colourless  liquid,  of  aromatic  odour, 
like  that  of  hydride  of  salicyl ;  it  is  lighter  than  water,  boils  at  257" 
(125°C),  and  contains  C,oHaN.  Tlie  latter  much  resembles  the  first, 
but  boils  at  158°  (70°C),  and  contains  Cj^Hj^NaOg.  Alkalis  convert 
valeronitrile  into  valeric  acid  and  ammonia,  and  valeracetonitrile 
into  valeric  and  acetic  acids  and  ammonia.  It  is  very  probable 
that  the  latter  compound  is  a  mixture  of  acetonitrile  and  valeronitrile. 

Dry  gelatin,  subjected  to  analysis,  has  been  found  to  contain  in  100 
parts : — 

Carbon  50-05 

Hydrogen  .  .  .  .  6 '47 
Nitrogen  .....  18"35 
Oxygen  25-13 

100-00 

From  these  numbers  the  formulee  CigHigNjOj,  and  C^jH^gNgO^g, 
have  been  deduced.  From  0-12  to  0-14  per  cent,  of  sulphur  has  been 
found  to  be  present. 

The  cartilage  of  the  ribs  and  joints  yields  a  gelatin  differing  in 
some  respects  from  the  preceding;  it  is  called,  by  way  of  distinction, 
clwndrin.  It  is  less  soluble  in  boiling  water  than  gelatin.  It  is  pre- 
cipitated from  its  solution  by  acetic  acid,  and  is  not  soluble  in  an  excess 
of  acid.  Other  acids  in  very  small  quantities  precipitate  chondrin, 
but  the  slightest  excess  re-dissolves  the  precipitate.  Acetate  of  lead 
and  solution  of  alum  also  precipitate  this  substance.  These  reactions 
distinguish  chondrin  from  gelatin.    Scherer  gives 

Carbon  ....  50-75 

Hydrogen         .        .        .  6*90 

Nitrogen  ....  14-70 

Oxygen    .        .        .        .  27-65 

To  chondrin  the  formulse  C32H2gN^O,4  and  C^H^^NgOjg  have  been 
given. 

If  a  solution  of  gelatin,  albumin,  fibrin,  casein,  or  probably  any 
one  of  the  more  complex  azotized  animal  principles,  be  mixed  with 
solution  of  sulphate  of  copper,  and  then  a  large  excess  of  caustic 
potassa  added,  the  greenish  precipitate  first  formed  is  re-dissolved,  and  ' 
the  liquid  acquires  a  purple  tint  of  indescribable  magnificence  and 
gi-eat  intensity. 

Gelatin  is  largely  employed  as  an  article  of  food,  as  in  soups,  &c.  • 
but  its  value  in  this  respect  has  been  much  overrated.  In  the 
useful  arts  size  and  glue  are  consumed  in  great  quantities.  These 
are  prepared  from  the  clippings  of  hides,  and  other  similar  mat- 
ters, enclosed  in  a  net,  and  boiled  with  water  in  a  laro-e  cauldron. 
The  strained  solution  gelatinizes  on  cooling,  and  constitutes  size. 
Glue  is  the  same  substance  in  -a  state  of  desiccation,  the  size  beino-  cut 
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into  slices  and  placed  upon  nettings  freely  exposed  to  a  current  of 
air.  Gelatin  is  extracted  from  bones  with  much  greater  difficulty; 
the  best  method  of  proceeding  is  said  to  be  to  enclose  the  bones,  pre- 
viously crushed  in  strong  metallic  cylinders,  and  admit  high-pressure 
steam,  which  attacks  and  dissolves  the  animal  matter  much  more 
Ciisily  than  boiling  water;  or,  to  steep  the  bones  in  dilute  hydrochlo- 
)-ic  acid,  thereby  removing  the  earthy  phosphate,  and  then  dissolve 
the  soft  and  flexible  residue  by  boiling. 

There  is  an  important  economical  application  of  gelatin,  or  rather 
of  tire  material  which  pi'oduces  it,  which  deserves  notice,  viz.,  to  the 
clarifying  of  wines  and  beer  fiom  the  finely-divided  and  suspended 
matter  vi^hich  often  rendei's  these  liquors  muddy  and  unsightly.  When 
isinglass  is  digested  in  very  dilate  cold  acetic  acid,  as  sour  wine  or 
beer,  it  softens,  swells,  and  assumes  the  aspect  of  a  very  light  trans- 
parent jelly,  which,  although  quite  insoluble  in  the  cold,  may  be 
readily  mixed  with  a  large  quantity  of  watery  liquid.  Such  a  prepara- 
tion, technically  called  finings,  is  sometimes  used  by  brewers  and  wine- 
merchants  for  the  purpose  before  mentioned :  its  action  on  the  liquor 
with  which  it  is  mixed  seems  to  be  purely  mechanical,  the  gelatinous 
matter  slowly  subsiding  to  the  bottom  of  the  cask,  and  carrying  with 
it  the  insoluble  substance  to  which  the  turbidity  was  due. 

Kreatin  and  kreatinine. — Kreatin  was  first  observed  by  Chev- 
reul,  and  has  been  lately  studied  very  carefully  b)'  Professor  Liebig, 
who  obtained  it  from  the  soup  of  boiled  meat.  It  is  best  prepared 
from  the  juice  of  raw  flesh  by  the  following  process  : — A  large  quan- 
tity of  lean  flesh  is  cut  up  into  shreds,  exhausted  by  successive 
portions  of  cold  water,  strained  and  pressed.  The  liquid,  which  has 
an  acid  reaction,  is  heated  to  coagulate  albumin  and  colouring  matter 
of  blood,  and  passed  through  a  cloth.  It  is  then  mixed  with  pure 
baryta-water  as  long  as  a  precipitate  appears,  filtered  from  the  deposit 
of  phosphates,  and  evaporated  in  a  water-bath  to  a  syrupy  state. 
After  standing  some  days  in  a  warm  situation,  the  kreatin  is 
gradually  deposited  in  crystals,  which  are  easily  purified  by  re-solution 
in  water  and  digestion  with  a  little  animal  charcoal. 

When  pure,  kreatin  forms  colourless,  brilliant,  prismatic  crystals, 
which  become  dull  by  loss  of  water  at  212°  (100°C).  They  dissolve 
readily  in  boiling  water,  sparingly  iu  cold,  and  are  but  little  soluble 
in  alcohol.  The  aqueous  solution  has  a  weak  bitter  taste,  followed 
by  a  somewhat  acrid  sensation.  In  an  impure  state  the  solution 
readily  putrefies.  Kreatin  is  a  neutral  body,  not  combining  either 
with  acids  or  alkalis.  In  the  crystallized  state  if  contains  C8H9N3 
0^,21-10. 

By  the  action  of  strong  acids,  kreatin  is  converted  into  kreatinine, 
a  powerful  organic  base,  with  separation  of  the  elements  of  water. 
The  new  substance  forms  colourless  prismatic  crystals,  and  is  much 
more  soluble  in  watei-  than  kreatin ;  it  has  a  stj-ong  alkaline  reaction, 
forms  with  acids  crystallizable  salts,  and  contains  CgHyNgOg. 
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Kreatinine  pre-exists  to  a  small  extent  in  the  juice  of  flesh,  toge- 
ther with  lactic  acid  and  other  bodies  yet  imperfectly  examined.  It 
is  also  found  in  conjunction  with  la-eatin  in  urine. 

When  kreatin  is  long  boiled  with  solution  of  caustic  baryta,  it  is 
gradually  resolved  into "  urea,  subsequently  decomposed  into  carbonic 
acid  and  ammonia,  and  a  new  organic  body  of  basic  properties,  sarco- 
sine.  The  latter,  when  pure,  forms  colourless  transparent  plates,  ex- 
tremely soluble  in  water,  sparingly  soluble  in  alcohol,  and .  insoluble 
in  ether.  When  gently  heated  they  melt  and  sublime  without  residue. 
Sarcosine  forms  with  sulphuric  acid  a  crystallizable  salt,  and  con- 
tains C8H7NO4,  being  isomeric  with  lactamide,  alanine,  and  urethane. 

The  mother-liquid  from  flesh  from  which  the  ki-eatin  has  been  de- 
posited contains,  among  other  things,  a  new  acid,  the  inosiiiic,  the 
aqueous  solution  of  which  refuses  to  crystallize.  It  has  a  strong  acid 
reaction,  and  is  precipitated  in  a  white  amoi-phous  condition  by 
alcohol.  It  probably  contains  CioHeNaOio,!!^*  Recently,  more- 
over, a  kind  of  sugar,  which,  however,  does  not  ferment,  has  been 
found  in  the  juice  from  the  muscular  structure  of  the  heart.  It  was 
discovered  by  Scherer,  who  calls  it  inosite,  and  gives  the  composition 
Ci2H,gO|2-|-4HO.  This  substance  crystallizes  in  rectangular  pris- 
matic crystals. 

Composition  of  the  blood  ;  respiration. — The  blood  is  the 
general  circulating  fluid  of  the  animal  body,  the  source  of  all  nutriment 
and  growth,  and  the  general  material  from  which  all  the  secretions, 
however  much  they  may  differ  in  properties  and  comjiosition,  are  de- 
rived. Food  or  nourishment  from  without  can  only  be  made  available 
by  being  first  converted  into  blood.  It  sei-ves  also  the  scai'cely  less 
important  office  of  removing  and  carrying  ofi'  pi'inciples  from  the  body 
which  are  hurtful,  or  no  longer  required. 

In  all  vertebrated  animals  the  blood  has  a  red  colour,  and  probably 
in  all  cases  a  temperature  above  that  of  the  medium  in  which  the 
creature  lives.  In  the  mammalia  this  is  very  apparent,  and  in  the 
birds  still  more  so.  The  heat  of  the  blood  is  directly  connected  with 
the  degree  of  activity  of  the  respiratory  process.  In  man  the  tempe- 
rature of  the  blood  seldom  vai-ies  much  from  98°  (36°'6C),  when  in  a 
state  of  health,  oven  under  great  vicissitudes  of  climate  :  in  birds  it  is 
sometimes  as  high  as  109°  (42°8C).  To  these  two  highest  classes  of 
the  animal  kingdom,  the  mammifers  and  the  birds,  the  observations 
about  to  be  made  are  intended  especially  to  apply. 

In  every  creature  of  this  description  two  kinds  of  blood  are  met 
with,  which  difl'er  very  considerably  in  their  appearance,  viz.,  that 
contained  in  the  left  side  of  the  heart  and  in  the  arteries  generally, 
and  that  contained  in  the  7-ight  side  of  the  heart  and  in  the  veins ;  the 
former,  or  arterial  blood,  has  a  bright-red  colour,  the  latter,  the 
venous  bk)od,  is  blackish-purple.  Furtlier,  the  conversion  of  the  dark 
into  the  florid  blood  may  be  traced  to  what  takes  place  during  its  ex- 
*  Liebig,  Chemistry  of  Food 
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posure  to  the  air  in  the  lungs,  and  the  opposite  change,  to  what  takes 
place  in  the  capillaries  of  the  general  vascular  system,  or  the  minute 
tubes  or  passages,  distributed  in  countless  numbers  throughout  the 
whole  body  which  connect  the  extremities  of  the  arteries  and  veins. 
When  compared  togethei',  little  difference  of  properties  or  composition 
can  be  found  in  the  two  kinds  of  blood  ;  the  fibrin  varies  a  little,  that 
from  venous  blood  being,  as  already  mentioned,  soluble  in  a  solution 
of  nitrate  of  potassa,  which  is  not  the  case  with  arterial  fibrin.  It  is 
veiy  prone,  besides,  to  absorb  o.\ygen,  and  to  become  in  all  probabi- 
lity partly  changed  to  the  substance  called  binoxide  of  protein,  which 
no  doubt  exists  in  the  fibrin  of  arterial  blood.  The  only  other  not- 
able point  of  difference  is  in  the  gaseous  matter  the  blood  holds  in 
solution,  carbonic  acid  predominating  in  the  venous,  and  free  oxygen 
in  the  arterial  variety. 

In  its  ordinary  state  the  blood  has  a  slimy  feel,  a  density  varying 
from  1*053  to  1"057,  and  a  decidedly  alkaline  reaction,  partly  from 
soda  combined  with  albumin,  and  partly  from  carbonate  and  phosphate 
of  soda  ;  it  has  a  saline  and  disagreeable  taste,  and,  when  quite  recent, 
a  peculiar  odour  or  halitus,  which  almost  immediately  disappears.  An 
odour  may,  however,  afterwards  be  developed  by  an  addition  of  sul- 
phuric acid,  which  is  by  some  considered  characteristic  of  the  animal 
from  which  the  blood  was  obtained. 

The  coagulation  of  blood  in  repose  has  been  already  noticed, 
and  its  cause  traced  to  the  spontaneous  solidification  of  the  fibrin  : 
the  effect  is  best  seen  when  the  blood  is  received  into  a  shallow 
vessel,  and  left  to  itself  some  time.  No  evolution  of  gas  or  absoi-p- 
tion  of  oxygen  takes  place  in  this  process.  By  strong  agitation 
coagulation  may  be  prevented  ;  the  fibrin  in  this  case  separates  in 

To  the  naked  eye  the  blood  ap- 
pears a  homogeneous  fluid,  but  it 
is  not  so  in  reality.  When  exa- 
mined by  a  good  microscope,  it  is 
seen  to  consist  of  a  transparent 
and  nearly  colourless  liquid,  in 
which  float  about  a  countless  mul- 
titude of  little  round  i-ed  bodies, 
to  which  the  colour  is  due;  these 
are  the  blood-discs  or  blood-corpus- 
cles of  microscopic  observers.  They 
are  accompanied  by  colourless  glo- 
bules, fewer  and  larger,  the  ichite 
corpuscles  of  the  blood. 

The  blood-discs  are   found  to 
present  different    appearances  in 
the  blood  of  different  animals  :  in 
the  mammifers  they  look  like  little  round  red  or  yellowish  discs,  tliin 


Fig.  168. 

e  o 

OO'Oq, 


G>  Q) 


1© 


0© 


COMPOSITION  OF  THE  BLOOD. 


629 


when  compared  with  their  diameter,  being  flattened  or  depressed  on 
opposite  sides.  In  birds,  lizards,  frogs,  and  fish,  the  corpuscles  are 
elliptical.  In  magnitude,  they  seem  to  be  pretty  constant  in  all  the 
members  of  a  species,  but  differ  with  the  genus  and  ordei-.  In  man 
they  are  very  small,  varying  from  g^i  3W  °f  ^^^^^  breadth, 
while  in  the  fi-og  the  long  diameter  of  the  ellipse  measures  at  least 
four  times  as  much.  The  corpuscles  consist  of  an  envelope  contain- 
ing a  fluid  in  which  the  red  colouring-matter  of  the  blood  is  dis- 
solved. 

The  coagulation  of  blood  effects  a  kind  of  natural  proximate  analy- 
sis ;  the  clear,  pale  serum,  or  fluid  part,  is  an  alkaline  solution  of 
albumin,  containing  various  soluble  salts ;  the  clot  is  a  mechanical 
mixture  of  fibrin  and  blood  globules,  swollen  and  distended  with 
serum,  of  which  it  absorbs  a  large  but  variable  quantity. 

When  the  coagulum  of  blood  is  placed  upon  bibulous  paper,  and 
drained  as  much  as  possible  fi'om  the  fluid  portion,  and  then  put  into 
water,  the  envelope,  which  consists  of  globulin,  dissolves  and  sets 
free  the  colouring  matter,  forming  a  magnificent  crimson  solution, 
which  has  many  of  the  characters  of  a  dye-stuff.  It  contains  albu- 
min and  globulin,  and  coagulates  by  heat  and  by  the  addition  of 
alcohol ;  this  albumin  and  globulin  cannot  be  separated,  and  at- 
tempts to  isolate  the  hematosin  or  red  pigment  have  consequently 
failed.  From  its  extreme  susceptibility  of  change,  it  is  not  known 
in  a  state  of  purity.  The  above  watery  solution,  exposed  with  ex- 
tensive surface  in  a  warm  place,  dries  up  to  a  dark-red,  brittle  mass, 
which  is  again  soluble  in  water.  After  coagulation  it  becomes  quite 
insoluble,  but  dissolves  like  albumin  in  caustic  alkalis.  Carbonic 
and  sulphurous  acids  blacken  the  red  solution :  oxygen,  or  atmo- 
spheric air,  heightens  its  colour;  protoxide  of  nitrogen  renders  it 
purple ;  while  sulphuretted  hydrogen,  or  an  alkaline  sulphide,  changes 
it  to  a  dirty  greenish-black. 

Hematosin  differs  from  the  other  animal  principles  in  containing  as 
an  essential  ingredient  a  remarkable  quantity  of  the  oxide  of  the  metal 
iron.  If  a  little  of  the  dried  clot  of  blood  be  calcined  in  a  crucible, 
and  digested  with  dilute  hydrochloric  acid,  a  solution  will  be  obtained 
rich  in  oxide  of  iron ;  or  if  the  solution  of  colouring  matter  just 
referred  to  be  treated  with  excess  of  chlorine  gas,  the  yellow  liquid 
separated  from  the  greyish  coagulum  formed  will  be  found  to  give  in 
a  striking  manner  the  well-known  reactions  of  the  sesquioxide  of  iron. 
There  is  little  doubt  either  about  the  condition  of  the  metal  •  ses- 
quioxide of  iron  ia  withdrawn  from  the  dry  clot  by  the  cautious 
addition  of  sulphuric  acid,  and  without  much  alteration  of  the  colour 
of  the  mass.*  It  is  well  known  that  certain  organic  matters,  as 
sugar  and  tartaric  acid,  prevent  the  precipitation  of  sesquioxide  of 
iron  by  alkalis,  and  its  recognition  by  ferrocyanide  of  potassium,  and 


*  Liebig,  Handworterbuch,  i.  885. 
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It  is  very  likely  that  the  blood  may  contain  a  substance  or  substances 
capable  of  doing  the  same. 

Hematosin,  necessarily  in  a  modified  state,  contains,  according  to 

Mulder,  in  100  parts  :—  ^ 

Carbon   65.3 

Hydrogen   5.4 

Nitrogen  .......  10'4 

Oxygen   II.9 

Iron  7-0 


100-0 

The  following  table  represents  the  composition  of  healthy  human 
blood  as  a  whole;  it  is  on  the  authority  of  M.  Lecanu  : — * 

Water  .... 
Fibrin  .... 
Albumin  .... 
Colouring  matter 
Crystallizable  fat  . 
Fluid  fat 

Extractive  matter  of  uncertain  nature, 
soluble  in  both  water  and  alcohol 

Albumin  in  combination  with  soda 

Chlorides  of  sodium  and  potassium ; 
carbonates,  phosphates,  and  sul- 
phates of  potassa  and  soda 

Carbonates  of  lime  and  magnesia ; 
phosphates  of  lime,  magnesia,  and 
iron  ;  sesquioxide  of  iron 

Loss  .... 


(1.) 

(2.) 

780-15 

785-58 

2-10 

3-57 

65-09 

69-41 

133-00 

119-63 

2-43 

4-30 

1-31 

2-27 

1-79 

1-92 

1-26 

2-01 

8-37 

7-30 

2-10 

1-42 

2-40 

2-59 

•  1000-00  1000-00 

In  healthy  individuals  of  different  sexes  these  proportions  are  found 
to  vary  slightly,  the  fibrin  and  colouring  matter  being  usually  more 
abundant  in  the  male  than  in  the  female ;  in  disease,  variations  of  a 
far  wider  extent  are  often  apparent. 

It  appears  singular  that  the  red  corpuscles,  which  are  so  easily  dis- 
solved by  water,  should  remain  uninjured  in  the  fluid  portion  of  the 
blood.  This  seems  partly  due  to  the  presence  of  saline  matter,  and 
partly  to  that  of  albumin,  the  corpuscles  being  alike  insoluble  in  a 
strong  solution  of  salt  and  in  a  highly-albuminous  liquid.  In  the 
blood  the  limit  of  dilution  within  which'  the  corpuscles  retain  their 
integrity  appears  to  be  nearly  reached,  for  when  water  is  added  they 
immediately  become  attacked. 

*  Ann.  Chim.  et  de  Phys.  xlviii.  320. 
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Closely  connected  with  the  subject  of  the  composition  of  the  blood 
are  those  of  respiration,  and  of  the  production  of  animal  heat. 

The  simplest  view  that  can  be  taken  of  a  respiratory  organ  in  an 
air-breathing  animal,  is  that  of  a  little  membranous  bag,  saturated 
with  moisture,  and  containing  air,  over  the  surface  of  which  meanders 
a  minute  blood-vessel,  whose  contents,  during  their  passage,  are  thus 
subjected  to  the  chemical  action  of  the  air,  through  the  substance  of 
the  membranes,  and  in  virtue  of  the  solubility  of  the  gaseous  matter 
itself  in  the  water  with  which  the  membranes  are  imbued.  In  some 
of  the  lower  classes  of  animals,  where  respiration  is  sluggish  and 
inactive,  these  air-cells  are  few  and  large  ;  but  in  the  higher  kinds 
they  are  minute,  and  greatly  multiplied  in  number,  in  order  to  gain 
extent  of  surface,  each  communicating  with  the  external  air  by  the 
windpipe  and  its  ramifications. 

Respiration  is  performed  by  the  agency  of  the  muscles  which  lie 
between  and  about  the  ribs,  and  by  the  diaphragm.  The  lungs  are 
not  nearly  emptied  of  air  at  each  expiration.  Under  ordinary  cir- 
cumstances about  ]  5  cubic  inches  only  are  thrown  out,  while  by  a 
forced  effort  as  much  as  50  or  60  cubic  inches  may  be  expelled.  This 
is  repeated  about  18  times  per  minute  when  the  individual  is  tranquil 
and  undisturbed. 

The  expired  air  is  found  to  have  undei-gone  a  remarkable  change  ; 
it  is  loaded  with  aqueous  vapour,  while  a  very  large  proportion  of 
oxygen  has  disappeared,  and  its  place  been  supplied  by  cai'bonic  acid ; 
air  once  breathed  containing  enough  of  that  gas  to  extinguish  a  taper. 
The  total  volume  of  air  seems  to  undergo  but  little  change  in  this 
process,  the  carbonic  acid  being  about  equal  to  the  oxygen  lost.  This, 
however,  is  found  to  depend  very  much  upon  the  nature  of  the  food  : 
it  is  likely  that  when  fatty  substances,  containing  much  hydrogen,  are 
used  in  large  quantities,  a  disappearance  of  oxygen  will  be  observed. 
Nitrogen  is  in  small  quantity  exhaled  from  the  blood.  In  health  no 
nitrogen  is  absorbed  ;  the  food  invariably  containing  more  of  that  ele- 
ment than  the  excretions. 

Whatever  may  be  the  difficulties  attending  the  investigation-  of 
these  subjects,— and  difficulties  there  are,  as  the  discrepant  results  of 
the  experiments  prove, — one  thing  is  clear :  namely,  that  quantities 
of  hydrogen  and  carbon  are  daily  oxidized  in  the  body  by  the  free 
oxygen  of  the  atmosphere,  and  their  products  expelled  from  the  sys- 
tem in  the  shape  of  water  and  carbonic  acid.  Now,  if  it  be  true 
that  the  heat  developed  in  the  act  of  combination  is  a  constant  quan- 
tity, and  no  proposition  appears  moi-e  reasonable,  the  high  tempera- 
ture of  the  body  may  be  the  simple  result  of  this  exertion^of  chemical 
force. 

The  oxidation  of  combustible  matter  in  the  blood  is  effected  in  the 
capillaries  of  the  whole  body,  not  in  the  .lungs,  the  temperature  of 
which  does  not  exceed  that  of  the  other  parts.  The  oxygen  of  the  air 
is  taken  up  in  the  lungs,  and  carried  by  the  blood  to"  the  distant 
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capillary  vessels  ;  by  the  aid  of  which,  secretion,  and  all  the  myste- 
rious functions  of  animal  life,  are  undoubtedly  perfonned  :  here  the 
combustion  takes  place,  although  how  this  happens,  and  what  the 
exact  nature  of  the  combustible  may  be,  beyond  the  simple  fact  of  its 
containing  carbon  and  hydrogen,  yet  remains  a  matter  of  conjecture 
The  carbonic  acid  produced  is  held  in  solution  by  the  now  venous 
blood,  and  probably  confers,  in  great  measure,  upon  the  latter  its 
dark  colour  and  deleterious  action  upon  the  nervous  system.  Once 
more  poured  into  the  heart,  and  by  that  organ  driven  into  the  second 
set  of  capillaries  bathed  with  atmospheric  air,  this  carbonic  acid  is 
conveyed  outwards,  through  the  wet  membrane,  by  a  kind  of  false 
diffusion,  constantly  observed  under  such  circumstances:  while  at 
the  same  time  oxygen  is,  by  similar  means,  carried  inwards,  and  the 
blood  resumes  its  bright-red  colour,  and  its  capability  of  supporting 
life.  Much  of  this  oxygen  is,  no  doubt,  simply  dissolved  in  the 
serum :  the  corpuscles,  according  to  Professor  Liebig,  act  as  carriers 
of  another  portion,  in  virtue  of  the  iron  they  contain,  that  metal 
being  alternately  in  the  state  of  sesquioxide  and  of  carbonate  of  the 
protoxide,— of  sesquioxide  in  the  arteries,  and  of  carbonate  of  protoxide 
in  the  veins,  by  loss  of  oxygen,  and  acquisition  of  cai-bonic  acid.  M. 
Mulder  considers  the  fibrin  to  act  in  the  same  manner;  being  true 
fibrin  in  the  veins,  and,  in  part  at  least,  an  oxide  of  protein  in  the 
artei'ies. 

It  would  be  very  desirable  to  show,  if  possible,  that  the  quantity 
of  combustible  matter  daily  burned  in  the  body  is  adequate  to  the 
production  of  the  heating  eifects  observed.  Something  has  been  done 
with  resjiect  to  the  carbon.  Comparison  of  the  quantities  and  com- 
position of  the  food  consumed  by  an  individual  in  a  given  time,  and 
of  the  excretions,  shows  an  excess  of  carbon  in  the  former  over  the 
latter,  amounting,  in  some  cases,  according  to  Liebig's  high  estimate,* 
to  14  ounces ;  the  whole  of  which  is  thrown  off  in  the  state  of  car- 
bonic acid,  from  the  lungs  and  skin,  in  the  space  of  twenty-four  hours. 
This  statement  applies  to  the  case  of  healthy,  vigorous  men,  much 
employed  in  the  open  air,  and  supplied  with  abundance  of  nutritious 
food.  Females,  and  persons  of  weaker  habit,  who  follow  in-door 
pursuits  in  warm  rooms,  consume  a  much  smaller  quantity;  their 
respiration  is  less  energetic,  and  the  heat  generated  less  in  amount. 
Those  who  inhabit  very  cold  countries  are  well  known  to  consume 
enormous  quantities  of  food  of  a  fatty  natui'e,  the  carbon  and  hydro- 
gen of  which  are,  without  doubt,  chiefly  employed  in  the  production 
of  animal  heat.  These  people  live  by  hunting :  the  muscular  exer- 
tion required  quickens  and  deepens  the  breathing ;  while,  from  the 
increased  density  of  the  air,  a  greater  weight  of  oxygen  is  taken  into 
the  lungs,  and  absorbed  into  the  blood  at  each  inspiration.  In  this 
mamier  the  temperature  of  the  body  is  kept  up,  notwithstanding  the 
piercing  external  cold  :  a  most  marvellous  adjustment  of  the  natm'e  ot 
*  Animal  Chemistry,  p.  14. 
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the  food,  and  even  of  the  inclinations  and  appetite  of  the  man,  to  the 
circumstances  of  his  existence,  enable  him  to  bear  with  impunity  an 
atmospheric  temperature  which  would  otherwise  injure  him. 

The  carbon  consumed  in  respiration  in  one  day  by  a  horse  mode- 
rately fed,  amounted,  in  a  valuable  experiment  of  M.  Boussingault,  to 
77  ounces ;  that  consumed  by  a  cow  to  70  ounces.  The  determina- 
tion was  made  in  the  manner  just  mentioned,  viz.,  by  comparing  the 
quantity  and  composition  of  the  food. 

Chyle. —  The  fluid  of  the  lacteal  vessels.  This  is  a  very  variable 
fluid,  milky  and  feebly  alkaline.  It  begins  to  coagulate  when  taken 
from  the  vessels,  in  9  to  12  minutes,  and  is  perfectly  so  in  2  to  4 
hours.  The  coagulum  is  much  smaller  and  weaker  than  that  of  the 
blood.  That  of  the  horse,  from  a  yellowish  colour  changes  in  the  air 
to  light  red. 

The  albuminous,  saline  serum  contains  very  finely-divided  molecules, 
which  consist  of  the  minutest  particles  of  fatty  matter,  larger  chyle 
globules,  and  colourless  blood  globules.  Thus  the  chyle  approximates 
in  composition  and  properties  to  the  blood. 

In  the  chyle  of  the  horse  there  was  found  : — 

Water  ....       91-00  to  96'00  percent. 

Fixed  constituents      .       .     9-00  4*00  „ 
Nuclei  and  cells      .       .  Variable. 

Fibrin       ....      0-19  Q-7 

Albumin        .       .       .         1-93  4-34  „ 

Fat                                       1-89  0-53  „ 

Extraneous  matter  free  from  salts  7-27  8'34 

Soluble  sjilts       .       .       ,     7-49  6-78 
Insoluble       .       .        about  2-00 

Lymph  is  the  name  given  to  the  fluid  in  the  lymphatic  vessels.  It 
is  colourless,  has  an  alkaline  reaction,  and  coagulates  in  from  4  to  20 
minutes.  It  closely  resembles  the  blood  without  the  blood  globules. 
It  contains  colourless  globules,  resembling  the  white  globules  of  the 
blood.  It  contains  much  less  albumin  and  iiit  than  the  serum  of  the 
blood.  It  contains  more  water,  and  proportionately  more  extractive 
matter. 

Closely  resembling  this  fluid  is  that  poured  oiit  by  serous  mem- 
branes and  the  cellular  tissue.    It  has  been  called  exsudation  fluid 
and  may  be  divided  into  fibrinous  and  non-fibrinous.    It  may  be  con- 
sidei-ed  as  the  serum  of  the  blood  with  or  without  fibrin,  which  is  far 
more  commonly  present  than  has  been  supposed. 

Mucus  AND  PUS.— The  slimy  matter  effused  upon  the  surface  of 
vai-ious  mucous  membranes,  as  the  lining  of  the  alimentary  canal,  that 
of  the  bladder,  of  the  nose,  lungs,  &c.,  to  which  the  general  name 
7mc.HS  IS  given,  is  so  small  in  quantity,  and  so  variable  in  consequence 
of  any  .rntat.on  of  the  membranes,  that  it  is  difiicult  to  characterise 
It  always  contams  more  or  less  epithelium  and  mucous  cells     It  pro 
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bablj  contains  a  peculiar  nitrogenous  principle  to  which  the  name 
mucin  has  heen  given.  It  is  insoluble  in  water.  Very  soluble  in 
dilute  alkalies,  and  precipitable  from  such  solutions  by  acetic  acid, 
kjcherer  gives  carbon  52"41,  hydrogen  G'97,  nitrogen  12'82,  oxygen 
27*80.  It  contains  no  sulphur.  Mucus  often  contains  more  or  less 
albumin,  and  always  extractive  matters  and  salts;  among  these  the 
chlorides  are  in  excess. 

Fus,  the  natural  secretion  of  a  wounded  or  otherwise  injured  sur- 
face, is  commonly  a  creamy,  white,  or  yellowish  liquid,  wjiich,  under 
the  microscope,  appears  to  consist  of  multitudes  of  minute  globules 
floating  in  a  serum.    It  is  neither  acid  nor  alkaline. 

The  pus  globules  are  distended  by  vei-y  dilute  mineral  and  organic 
acids.  Imperfectly  dissolved  by  alkalis,  leaving  the  membrane  of  the 
cells  adhering  in  a  gelatinous  mass.  This  cell  membrane  is  an  albu- 
minous substance,  soluble  in  very  dilute  acid.  The  pus  serum  contains 
more  or  less  albumin,  in  all  respects  identical  with  that  of  the  blood. 
Giiterbock,  by  coagulating  pus  by  alcohol,  and  extracting  the  residue, 
obtained  a  substance  which  is  characterized  by  its  precipitation,  by 
acetic  acid,  and  a  solution  of  alum.  He  called  it  pyin.  It  is  an  albu- 
minous substance,  and  has  not  been  found  to  be  always  present. 

The  quantity  of  fatty  substance  is  remarkable  in  pus,  varying  from 
2  to  6  per  cent.  As  much  as  1  per  cent,  of  cholesterin  has  been  found 
to  be  present ;  but  neither  by  this  nor  by  any  other  character  can 
the  passage  of  mucus  into  pus  be  detennined. 

Horny  substance,  keratin. — This  is  chiefly  found  in  hair,  nails, 
feathers,  and  epithelium.  It  is  obtained  by  finely  dividing  their  sub- 
stances, treating  them  with  warm  water,  and  afterwards  with  boiling 
alcohol  and  ether  :  the  horn  substance  is  then  very  soluble  in  caustic 
potash,  and  precipitable  by  acids.  By  long-continued  boiling  with 
water  it  is  decomposed.    It  putrefies  with  difficulty. 

Scherer  found — 

Skin  of  the  sole 
of  the  foot. 

Carbon  50-20 
Hydi'ogen  6-78 
Nitrogen  17-22 

^Yf"  \25-8O 
bulphur  J 


Hair. 

Oxborn. 

Nails. 

Feathers. 

Quill. 

50-37 

51-13 

50-15 

52-10 

5-2-00 

6-66 

6-71 

6-82 

7-11 

7-21 

17-94 

17-28 

16-90 

17-68 

17-89 

25-03 

24-88 

26-13 

23-11 

22-90 

MILK,   BILE,  URINE,  AND  URINARY  CALCULI. 

Milk.— The  peculiar  special  secretion  destined  for  the  nourish- 
ment of  the  young  is,  so  far  as  is  known,  very  much  the  same  in 
flesh-eating  animals  and  in  those  which  live  exclusively  on  vege- 
table food.  The  proportions  of  the  constituents  may,  however,  some- 
times differ  to  a  considerable  extent.  The  specific  gravity  varies 
from  1-018  to  1-045.    It  will  be  seen  hereafter  that  the  substances 
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present  in  milk  are  wonderfully  adapted  to  its  office  of  providing 
materials  for  the  rapid  growth  and  development  of  the  animal 
f)-ame.  It  contains  an  azotized  matter,  casein,  nearly  identical  in 
composition  with  muscular  flesh,  fatty  principles,  and  a  peculiar 
sugar,  and  lastly,  various  salts,  among  which  may  he  mentioned 
phosphate  of  lime,  held  in  complete  solution  in  a  slightly-alkaline 
liquid.  This  last  is  especially  important  to  a  process  then  in  activity, 
the  formation  of  bone. 

The  white,  and  almost  opaque,  appearance  of  milk  is  an  optical 
illusion  :  examined  by  a  microscope  of  even  moderate  power,  it  is  seen 
to  consist  of  a  perfectly-transparent  fluid,  in  which  float  about  num- 
bers of  transpai'ent  globules  :  these  consist  of  fat,  surrounded  by  an 
albuminous  envelope,  which  can  be  broken  mechanically  as  in  the 
churning,  or  dissolved  by  the  chemical  action  of  caustic  potassa,  after 
which,  on  agitating  the  milk  with  ether  the  fat  can  be  dissolved. 

When  milk  is  suffered  to  remain  at  rest  some  hours  at  the  ordinary 
temperature  of  the  air,  a  large  proportion  of  the  fat-globules  collect  at 
the  surface  into  a  layer  of  cream  ;  if  this  be  now  removed  and  exposed 
for  some  time  to  strong  agitation,  the  fat-globules  coalesce  into  a  mass, 
and  the  remaining  watery  liquid  is  expelled  from  between  them  and 
separated.  The  butter  so  produced  must  be  thoroughly  washed  with 
cold  water,  to  remove  as  far  as  possible  the  last  ti-aces  of  casein,  which 
readily  putrefies,  and  would  in  that  case  spoil  the  whole.  A  little  salt 
is  usually  added. 

Ordinary  butter  still,  however,  contains  some  butter-milk,  and  when 
intended  for  keeping  should  be  clarified,  as  it  is  termed,  by  fusion. 
The  watery  part  then  subsides,  and  carries  with  it  the  residue  of  the 
azotized  matter.  The  flavour  is  unfortunately  somewhat  impaired  by 
this  process.  The  consistence  of  butter,  in  other  words,  the  proportions 
of  margarin  and  olein,  is  dependent  upon  the  season,  or  more  pro- 
bably upon  the  kind  of  food  :  in  summer  the  oily  portion  is  always 
more  considerable  than  in  winter.  The  volatile  odoriferous  principle 
of  butter,  biityrin,  has  been  already  referred  to. 

The  casein  of  milk,  in  the  state  of  cheese,  is  in  many  countries  an 
important  article  of  food.  The  milk  is  usually  heated  to  about  120° 
(49°C),  and  coagulated  by  rennet,  or  an  infusion  of  the  stomach  of 
the  calf  in  water ;  the  curd  is  carefully  separated  by  a  sieve  from  the 
whey,  mixed  with  a  due  proportion  of  salt,  and  sometimes  some 
colouring-matter,  and  then  subjected  to  strong  and  increasing  pres- 
sure. The  fresh  cheese  so  prepared,  being  C(jnstantly  kept  cool  and 
dry,  undergoes  a  particular  kind  of  putrefactive  fermentation,  very 
little  undei-stood,  by  which  principles  are  generated  which  commu- 
nicate a  particular  taste  and  odour.  The  goodness  of  cheese,  as  well 
as  much  of  the  difference  of  flavour  perceptible  in  different  samples, 
depends  in  great  measure  upon  the  manipulation;  the  best  kinds 
contain  a  considerable  quantity  of  fat,  and  are  made  with  new  milk  • 
the  inferior  descriptions  are  made  with  skimmed  milk.  ' 
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Some  of  the  Tartar  tribes  prepare  a  kind  of  spirit  from  milk  by 
suffering  it  to  ferment,  with  frequent  agitation.  The  casein  convei-ts 
a  part  of  the  milk-sugar  into  lactic  acid,  and  another  part  into  grape- 
sugar,  which  in  turn  becomes  converted  into  alcohol.  Mare's  milk  is 
said  to  answer  better  for  this  purpose  than  that  of  the  cow. 

In  a  fresh  state,  and  taken  from  a  healthy  animal,  milk  is  al\va3's 
feebly  alkaline.  When  left  to  itself,  it  very  soon  becomes  acid,  and 
is  then  found  to  contain  lactic  acid,  which  caimot  be  discovered  in  the 
fresh  condition.  The  alkalinity  is  due  to  the  soda  which  holds  the 
casein  in  solution.  In  this  soluble  foi-m  casein  possesses  the  power 
of  taking  up  and  retaining  a  very  considerable  quantity  of  phosphate 
of  lime.  The  density  of  milk  varies  exceedingly ;  its  quality  usually 
bears  an  inverse  ratio  to  its  quantity.  From  an  analysis  of  cow- 
milk  in  the  fresh  state  by  M.  Haidlen,*  the  following  statement  of  its 
composition  in  1000  parts  has  been  deduced : — 

Water   873-00 

Butter   30-00 

Casein   48'20 

Milk-sugar   43-90 

Phosphate  of  lime     .       .       .  2-31 

„          magnesia        .       .  0"42 

„           iron     .       .       .  0-07 

Chloride  of  potassium  .       .       .  1-44 

„          sodium        .       .  0"24 

Soda  in  combination  with  casein    .  0"42 


1000-00 

Human  milk  is  remarkable  for  the  difficulty  with  which  it  coagu- 
lates ;  it  generally  centains  a  larger  proportion  of  sugar  than  cow-milk, 
but  scarcely  differs  in  other  respects. 

Bile. — This  is  a  secretion  of  a  very  different  character  from  the 
preceding  :  the  largest  internal  organ  of  the  body,  the  liver,  is  devoted 
to  its  preparation,  which  takes  place  from  venous,  instead  of  arterial 
blood.  The  composition  of  the  bile  has  been  made  the  subject  of 
much  investigation  ;  the  following  is  a  summai-y  of  the  most  important 
facts  which  have  been  brought  to  light. 

In  its  ordinai'y  state  bile  is  a  very  deep-yellow,  or  greenish,  viscid, 
transparent  liquid,  which  darkens  by  exposure  to  the  air,  and  under- 
goes changes  which  have  been  yet  imperfectly  studied.  It  has  a  dis- 
agreeable odour,  a  most  nauseous,  bitter  taste,  a  distinctly  alkaline 
reaction,  and  is  miscible  with  water  in  all  proportions.  When  evapo- 
rated to  dryness  at  212°  (100°C),  and  treated  with  alcohol,  the  greater 
part  dissolves,  leaving  behind  an  insoluble  jelly  of  mucus  of  the  gall- 
bladder. This  alcoholic  solution  contains  colouring-matter  and  cho- 
lestei'in  ;   from  the  former  it  may  be  freed  by  digestion  with  animal 

*  Annalen  der  Chemie  und  Pharmacie,  xlv.  263. 
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charcoal,  and  from  the  latter  by  a  large  admixture  of  ether,  In  which 
the  bile  is  insoluble,  and  separates  as  a  thick,  syrupy,  and  nearly 
colourless  liquid.  The  colouring-matter  may  also  be  precipitated  by 
bai'yta-water. 

Pure  bile  tlius  obtained,  when  evaporated  to  dryness  by  a  gentle 
heat,  forms  a  slightly-yellowish  brittle  mass,  resembling  gum-arabic. 
It  is  completely  soluble  in  water  and  absolute  alcohol.  The  solution 
is  not  afl'ected  by  the  vegetable  acids  ;  hydrochloric  and  sulphuric  acids, 
on  the  contrary,  give  rise  to  turbidity,  either  immediately  or  after  a 
short  interval.  Acetate  of  lead  partially  precipitates  it;  the  tribasic 
acetate  precipitates  it  completely ;  the  precipitate  is  readily  soluble 
in  acetic  acid,  in  alcohol,  and  to  a  certain  extent  in  excess  of  acetate 
of  lead.  When  carbonized  by  heat,  and  incinerated,  bile  leaves  be- 
tween 11  and  12  per  cent,  of  ash,  consisting  chiefly  of  carbonate  of 
soda,  with  a  little  common  salt  and  alkaline  phosphate.  The  recent 
beautiful  reseaixhes  of  Strecker,  show  that  bile  is  essentially  a  mix- 
ture of  the  soda-salts  of  two  peculiar  conjugate  acids,  very  distinctly 
resembling  the  resinous  and  fatty  acids.  One  of  these  contains  nitro- 
gen, but  no  sulphui',  and  is  termed  cholic  acid,  or  better,  glyco-cholalic, 
being  a  conjugated  compound  of  a  non-nitrogenous  acid,  cholalic 
acid,*  with  tlie  nitrogenetted  substance  glycocine  (see  page  624)  ;  the 
other,  containing  nitrogen  and  sulphur,  has  received  the  name  choleic 
acid,  or  better,  tauro-cholalic  acid,  being  a  conjugated  compound  of 
the  same  cholalic  acid  with  a  body  to  be  presently  described  under 
the  name  of  taurin,  containing  both  nitrogen  and  sulphur.  The  re- 
lative proportion  in  which  these  acids  occur  in  bile,  remains  pretty 
constant  with  the  same  animal,  but  varies  considerably  with  different 
classes  of  animals. 

Glyco-cholalic  acid  may  be  thus  obtained :— When  ox  bile  is 
perfectly  dried  and  extracted  with  cold  absolute  alcohol,  and  after 
filtration  is  mixed  with  ether,  it  first  deposits  a  brownish  tough 
resinous  mass,  and  after  some  time,  stellated  crystals  which  consist  "of 
glyco-cholalate  of  soda  and  potassa.  These  mixed  crystals  were  first 
obtained  by  Platner,  and  they  compose  his  so-called  crystallized 
bile. 

Glyco-cholalic  acid  may  be  obtained  by  decomposing  the  glyco-cho- 
lalate of  soda  by  sulphuric  acid;  it  crystallizes  in  fine  white  needles 
of  a  bitterish-sweet  taste,  is  soluble  in  water  and  alcohol,  but  only 
slightly  in  ether,  and  has  a  strong  acid  reaction.  It  is  represented 
by  the  formula  C52H42NOii,HO.  When  boiled  with  a  solution  of 
potassa,  the  acid  divides  into  cholalic  acid  C4eH3B0B,H0,  and  glyco- 
cine or  gelatin-sugar : — 


C2£42NOj^HO  +  2H0    =    C.sHg.O^.HO  +  C.H^NO, 


*  Also  called  cholic  acid  by  some  authors. 
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Boiled  with  concentrated  sulphuric  or  liydrocliloric  acids,  it  yields 
likewise  glycocine,  but  instead  of  cholalic  acid,  another  white  amor- 
phous acid,  choloidinic  acid  (C^gHagOg  =  cholalic  acid — 1  eq.  of 
water),  or,  if  the  ebullition  has  continued  for  some  time,  a  resinous 
substance,  from  its  insolubility  in  water  called  dyslysin,  (C48H3gOg  = 
cholalic  acid — 4  eq.  of  water). 

Tauro-Cholalic  acid  is  thus  procured.  Ox  bile  is  freed  as  far  as 
possible  from  glyco-cholalic  acid  by  means  of  neutral  acetate  of  lead, 
and  it  is  tlien  precipitated  by  basic  acetate  of  lead,  to  which  a  little 
ammonia  is  added.  The  precipitate  is  decomposed  by  carbonate  of 
soda,  when  tolerably  pure  tauro-cholalate  of  soda  is  obtained.  By 
decomposing  the  tauro-cholalate  of  lead  by  sulphuretted  hydrogen, 
tauro-cholalic  acid  is  liberated.  This  substance,  however,  which  was 
previously  called  choleic  acid  and  bilin,  has  never  been  obtained  in 
the  pure  state.  Its  formula,  as  inferred  from  the  study  of  its  pro- 
ducts of  decomposition,  would  be  CjaH^^NSaOig.HO.  When  boiled 
with  alkalis  it  divides  into  cholalic  acid  and  taurin  : — 

C52H44NSaOi3,HO  +  2H0    =  C^eHggOg.HO  +  C^H^NS^Og 

Tauro-cholalic  acid.  Cholalic  acid.  Taiu'in. 

With  boiling  acids  it  gives  likewise  taurin,  but  instead  of  cholalic 
acid,  either  choloidinic  acid  or  dyslysin,  according  lo  the  duration  of 
the  ebullition. 

Taurin,  C^HyNSjOg,  crystallizes  in  colourless  regular  hexagonal 
prisms,  which  have  no  odour  and  very  little  taste.  It  is  neutral  to 
test-paper,  and  permanent  in  the  air.  When  burnt,  it  gives  rise  to 
much  sulphurous  acid.  It  contains  upwards  of  25  per  cent,  of  sul- 
phur. It  is  easily  prepared  by  boiling  purified  bile  for  some  hours 
with  hydrochloric  acid.  After  filtration  and  evaporation,  tlie  acid 
]-esidue  is  treated  with  five  or  six  times  its  bulk  of  boiling  alcohol, 
fi'om  which  the  taurin  separates  on  cooling. 

Cholalic  or  cholic  acid,  C48H3909,H0,  crystallizes  in  a  tetra- 
hedra.  It  is  soluble  in  sulphuric  acid,  and  on  the  addition  of  a  drop  of 
this  acid  and  a  solution  of  sugar  (1  part  of  sugar  to  4  parts  of  water), 
a  purple-violet  colour  is  produced,  which  constitutes  Pettenkofer's 
test  for  bile.  At  383°  (195°C)  it  loses  an  atom  of  water,  and  is  con- 
verted into  choloidinic  acid ;  which  change,  as  has  been  pointed  out, 
is  also  produced  by  ebullition  with  acids. 

Cholalic  acid  is  best  obtained  by  boiling  the  resinous  mass  precipi- 
tated by  ether  from  the  alcoholic  solution  of  the  bile  witli  a  dilute 
solution  of  potassa  for  24  or  36  hours,  till  the  amorphous  potassa-salt 
that  has  separated  begins  to  crystallize.  When  the  darlv-coloured  soft 
mass  is  removed  from  the  alkaline  liquid,  dissolved  in  water,  and 
liydrochloric  acid  added,  a  little  ether  causes  the  deposition  of  tlie 
cholalic  acid  in  crj-stals. 

The  principal  colouring-matter  of  the  bile  has  been  called  chole- 
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pyrrhin.  When  dry  it  is  roddish-brown  and  uncrystallizable,  insoluble 
in  -water,  more  soluble  in  alcohol  which  becomes  yellow,  and  most 
soluble  in  caustic  alkali.  On  the  addition  of  nitric  acid  to  the  yellow 
alkaline  solution  a  change  ensues.  It  passes  through  green,  blue,  violet, 
and  red ;  after  some  time  it  again  turns  yellow,  probably,  in  conse- 
quence of  a  gradual  process  of  oxidation. 

Another  colouring  matter  has  been  called  biUverdin.  It  is  dark 
green,  amorphous  without  taste  or  smell,  insoluble  in  water,  slightly 
soluble  in  alcohol,  but  soluble  in  ether.  Berzelius  considers  it  to  be 
identical  with  the  chlorophyll,  or  gi-een  colouring-matter  of  leaves. 

According  to  the  researches  of  Strecker  and  Gundelach,  pigs'  bile 
differs  from  the  bile  of  other  animals.  This  bile  contains  an  acid,  to 
which  the  name  hyocholic  acid  has  been  given,  whicli  may  be  pre- 
pared in  the  following  manner: — fresh  pigs'  bile  is  mixed  with  a 
solution  of  sulphate  of  soda,  the  precipitate  obtained  is  dissolved  in 
absolute  alcohol,  and  decolorized  by  animal  charcoal.  Fi-om  this  solu- 
tion ether  throws  down  a  soda-salt,  yielding  on  addition  of  sulphuri<; 
acid,  hyocholic  acid  as  a  resinous  mass,  which  is  dissolved  in  alcohol 
nd  re-precipitated  by  water. 

Hyocholic  acid  contains  C54H43NO10.  When  heated  with  solu- 
tions of  the  alkalis,  the  acid  undergoes  a  decomposition  perfectly 
analogous  to  that  of  glyco-cholalic  acid,  hyocholic  acid,  splitting  into 
glycocine  and  a  crystalline  acid,  very  soluble  in  alcohol,  less  so  in 
ether,  which  has  been  termed  hyochokdic  acid.  This  substance 
contains  CjoHigO^jHO ;  and  the  change  is  represented  by  the  following 
equation : — 

C54H43NO10  +  2H0    =    CsoH3,0^0  +  C4H5NO4 
Hyocholic  acid.  Hyocholalic  acid.  Glyc.ocine. 

Hence  hyocholic  acid  might  be  called  glyco-hyocholalic  acid. 
When  boiled  with  acids,  glyco-hyocholalic  acid  yields  likewise  glyco- 
cine, but  instead  of  hyocholalic  acid,  a  substance  representino-  the 
dyslysin  of  the  ordinary  bile,  which  might  be  termed  hyodyslysin. 
The  composition  of  hyodyslysin  is  C5oH3306  =  hyocliolaHc  acid 
—  2  eq.  HO. 

Pigs'  bile  contains  a  very  trifling  quantity  of  sulphur,  probably  in 
the  form  of  a  sulphuretted  acid  corresponding  to  the  tauro-cholalic 
acid  of  ox-bile.  Strecker  believes  this  acid  to  contain  Cj^H^jNSgO  , 
it  might  be  called  tauro-hyocholulic  acid,  which,  when  boiled  with  an 
alkali,  would  yield  tauvin  and  hyocholalic  acid.  The  sulphuretted  acid 
must  be  present  in  pigs'  bile  in  very  minute  quantity ;  it  is  even  less 
known  than  tauro-cholalic  acid. 

The   once   celebrated   oriental  hezoar-stones  are  biliary  calculi 
said  to  be  procured  from  a  species  of  antelope ;  they  have  a  brown 
tint,  a  concentric  structure,  and  a  waxy  appearance,  and  consist 
essentially  of  a  peculiar  and  definite  crystallizable  pi'inciple  called 
lithofeliinic  acid.    To  procure  this  substance,  the  calculi  ai-e  reduced 
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to  powder  and  exhausted  with  boiling  alcoliol ;  the  dark  solution  is 
decolorized  by  animal  charcoal,  and  left  to  evaporate  by  gentle  heat, 
whereupon  the  lithofellinic  acid  is  deposited  in  small,  colourless,  trans- 
parent six-sided  prisms.  It  is  insoluble  in  water,  and  with  difficulty 
soluble  in  ether,  but  dissolves  with  ease  in  alcohol ;  it  melts  at  202° 
(95°"5C),  and  at  a  higher  temperature  burns  with  a  smolcy  flame, 
leaving  but  little  charcoal.  Lithofellinic  acid  dissolves  without  de- 
composition in  concentrated  acetic  acid,  and  in  oil  of  vitriol  ;  it  foiTns 
a  soluble  salt  with  potassa,  and  dissolves  also  in  ammonia,  but  crys- 
tallizes out  unchanged  on  evaporation.  By  analysis,  lithofellinic  acid 
is  found  to  consist  of  C^qR^^Oj,KO. 

Urine. — The  urine  is  the  great  channel  by  which  the  azotized 
matter  of  those  portions  of  the  body  which  have  been  taken  up  by  the 
absorbents  is  conveyed  away  and  rejected  from  the  system  in  the  fom 
of  urea.  It  serves  also  to  remove  superfluous  water,  and  foreign 
soluble  matters  which  get  introduced  into  the  blood. 

The  two  most  remarkable  and  characteristic  constituents  of  urine, 
urea  and  uric  acid,  have  already  been  fully  described ;  in  addition  to 
these,  it  contains  sulphates,  chlorides,  phosphates  of  lime,  and  magne- 
sia, alkaline  salts,  and  certain  yet  imperfectly  known  principles,  in- 
cluding an  odoriferous  and  a  colouring  substance  (see  foot  note  to 
page  641). 

Healthy  human  urine  is  a  transparent,  light  amber-coloured  liquid, 
which,  while  warm,  emits  a  peculiar,  aromatic,  and  not  disagreeable 
odour.  This  is  lost  on  cooling,  while  the  urine  at  the  same  time 
occasionally  becomes  turbid  from  a  deposition  of  urates,  wliich  re- 
dissolve  with  slight  elevation  of  temperature.  It  is  very  decidedly 
acid  to  test-paper  :*  this  acidity  has  been  ascribed  to  acid  phos- 
phate of  soda,  to  free  uric  acid,  and  to  free  lactic  acid ;  lactic  acid 
can,  however,  hardly  coexist  with  urate  of  ammonia,  and  the  amor- 
phous buff-coloured  deposit  obtained  from  fresh  urine  by  spontixneous 
evaporation  in  vacuo  is  not  uric  acid,  but  the  ammonia-salt  of  that 
substance,  modified  as  to  crystalline  form  by  the  presence  of  minute 
quantities  of  chloride  of  sodium.  That  a  free  acid  is  sometimes  pre- 
sent in  the  urine  is  certain  ;  in  this  case,  the  reaction  to  test-paper  is 
far  stronger,  and  the  liquid  deposits  on  standing  little,  red,  hard 
crystals  of  uric  acid  ;  but  this  is  no  longer  a  normal  secretion. 

An  alkaline  condition  of  the  -urine  from  fixed  alkali  is  sometimes 
met  with.  Such  alkalinity  can  always  be  induced  by  the  admini- 
stration of  neutral  potassa-  or  soda-salts  of  a  vegetable  acid,  as  tar- 
tai-ic  or  acetic  acid  ;  the  acid  of  the  salt  is  burned  in  the  blood  in  the 
process  of  respiration,  and  a  portion  of  the  base  appears  in  the  urine 
in  the  state  of  carbonate.  The  urine-  is  often  allcaline  in  cases  of 
retention,  from  carbonate  of  ammonia  produced  by  putrefaction  in  the 
bladder  itself;  but  this  is  easily  distinguished  from  alkalinity  from 
fixed  alkali,  in  which  it  is  secreted  in  that  condition. 

*  The  degree  of  acidity  appears  to  vary  in  the  same  person  at  different  times. 
See  Philosophical  Trans.  1849. 
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The  density  of  the  urine  varies  from  1-005  to  1'030  ;  about  1-020  to 
1-023  may  be  taken  as  the  average  specific  gravity.  A  high  degree  of 
density  in  urine  may  arise  from  an  unusually  large  proportion  of  urea  ; 
in  such  a  case,  the  addition  of  nitric  acid  will  occasion  an  almost  im- 
mediate production  of  crystals  of  nitrate  of  urea,  whereas  with  urine 
of  the  usual  degree  of  concenti  ation  at  least  very  many  hours  will  elapse 
before  the  nitrate  begins  to  separate.  The  quantity  passed  depends 
much  upon  circumstances,  as  upon  the  activity  of  the  skin.  It  is 
usually  more  deficient  in  quantity  and  of  higher  density  in  summer 
than  in  winter.  Perhaps  about  32  ounces  in  the  24  hours  may  be 
assumed  as  a  mean. 

When  kept  at  a  moderate  temperature,  urine  after  some  days, 
begins  to  decompose ;  it  exhales  an  offensive  odour,  becomes  alkaline 
from  the  production  of  carbonate  of  ammonia,  and  turbid  fi'om  the  de- 
position of  earthy  phosphates.  The  carbonate  of  ammonia  is  due  to 
the  putrefactive  decomposition  of  the  urea,  which  gradually  disappears, 
the  ferment,  or  active  agent  of  the  change,  being  apparently  tlie 
mucus  of  the  bladder,  a  portion  of  which  is  always  voided  with  the 
urine.  It  has  been  found  also  that  the  yellow  adhesive  deposit  from 
stale  urine  is  a  most  powerful  ferment  to  the  fiesh  secretion.  In  this 
putrefied  state  urine  is  used  in  several  of  the  arts,  as  in  dyeing;  and 
forms,  perhaps,  the  most  valuable  manure  for  land  known  to  exist. 

Putrid  urine  always  contains  a  considerable  quantity  of  sulphide  of 
ammonium  ;  this  is  formed  by  the  deoxidation  of  sulphates  by  the 
organic  matter.  The  highly-offensive  odour  and  extreme  pungency 
of  the  decomposing  liquid  may  be  prevented  by  previously  mixing  the 
urine,  as  Liebig  suggests,  with  sulphuric  or  hydrochloric  acid,  in  suffi- 
cient quantity  to  saturate  all  the  ammonia  that  can  be  formed. 

The  following  is  an  analysis  of  human  urine  by  Berzelius.  1000 
parts  contained 
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•  All  dark-colouTed,  uncrystaUizable  substances,  soluble  both  in  water  and 
alcohol,  were  confounded  by  the  old  chemists  under  the  general  name  of  ex- 
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In  certain  states  of  disorder  and  disease  substances  appear  in  the 
urine  which  are  never  present  in  the  normal  secretion  :  of  these  the 
most  common  is  albumin.  This  is  easily  detected  by  the  addition  of 
nitric  acid  in  excess,  which  then  causes  a  white  cloud  or  turbidity, 
which  is  pei-manent  when  boiled,  or  by  corrosive  sublimate,  the  urine 
being  previously  acidified  by  a  little  acetic  acid;  boiling  causes 
usually  a  precipitate  which  is  not  dissolved  by  a  drop  or  two°of  acid. 
Mere  tui-bidity  by  boiling  is  no  proof  of  albumin,  the  earthy  phos- 
phates being  often  thrown  down  from  nearly  neutral  urine  under  such 
circumstances ;  the  phosphatic  precipitate  is,  however,  instantly  dis- 
solved by  a  drop  of  nitric  acid. 

In  diabetes  the  urine  contains  grape-sugar,  the  quantity  of  which 
commonly  increases  with  the  progress  of  the  disease,  until  it  becomes 
enormous,  the  urine  acquiring  a  density  of  1-040  and  beyond.  It 
does  not  appear  that  the  urea  is  deficient  absolutely,  although  more 
difficult  to  discover  from  being  mixed  with  such  a  mass  of  syrup. 
The  smallest  trace  of  sugar  may  be  discovered  in  urine  by  Trommer's 
test,  formerly  mentioned  :  a  few  drops  of  solution  of  sulphate  of  copper, 
are  added  to  the  ui'ine,  and  afterwards  an  excess  of  caustic  potassa ;  if 
sugar  be  present,  a  deep-blue  liquid  results,  which,  on  boiling,  deposits 
red  suboxide  of  copper.  With  proper  management,  this  test  is  very 
valuable;  it  will  even  detect  sugar  in  the  blood  of  diabetic  patients.* 
Urine  containing  sugar,  when  mixed  with  a  little  yeast,  and  put  in  a 
warm  place,  readily  undergoes  vinous  fermentation,  and  afterwards 
yields,  on  distillation,  weak  alcohol,  contaminated  with  ammonia. 

The  urine  of  children  is  said  sometimes  to  contain  benzoic  acid  :  it 
is  possible  that  this  may  be  produced  by  the  decomposition  of  hippuric 
acid,  which  frequently  occurs  in  the  urine  of  healthy  persons.  When 
benzoic  acid  is  taken,  the  urine  after  a  few  hours  yields  on  concentra- 

tractive  matter.  The  progress  of  modern  science  constantly  tends  to  extricate 
from  this  confused  mass  one  by  one  the  many  definite  organic  principles 
therein  contained  In  a  more  or  less  modified  form,  and  to  restrict  within  nar- 
rower Ihnits  the  application  of  the  term.  In  the  above  instance,  the  colouring 
matter  of  the  urine,  and  it  may  be  several  other  substances,  are  involved. 

Pi-ofessor  Liebig  states  that  all  his  endeavours  to  obtain  direct  evidence  of 
the  existence  of  lactic  acid  m  the  urine,  either  in  a  fresh  or  putrid  state,  com- 
pletely failed.  Putrid  urine  yielded  a  volatile  acid  in  a  notable  quantity,  which 
turned  out  to  be  acetic  acid  :  a  little  benzoic  acid  was  also  noticed,  and  traced 
to  a  small  amount  of  hippuric  acid  in  the  recent  urine.  The  acid  reaction  of 
wine  is  ascribed  to  an  acid  phosphate  of  soda,  produced  by  the  partial  decom- 
position of  some  of  the  common  phosphate,  the  reaction  of  which  is  alkaline, 
by  the  organic  acids  (uric  and  hippuric)  generated  in  the  system,  aided  by  the 
sulphuric  acid  constantly  produced  by  the  oxidation  of  the  protein-compoimds 
of  the  food,  or  rather  of  the  body. — Lancet,  June,  1844. 

Still  more  recently  Liebig  has  announced  the  discovery  in  the  urine  of 
Icreatin  and  kreatinine,  already  described.  Putrid  urine  contains  kreatinine 
only. 

*  Dr.  Bence  Jones,  Med.  Chirur.  Trans,  vol.  sxvi.  Great  care  must  be 
taken  in  using  this  test,  which  depends  on  the  instantaneous  reduction  of  the 
oxide  of  copper.  By  long  boiling  very  mnny  organic  substauces  produce  this 
reaction. 
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tion,  and  the  addition  of  hydrochloric  acid,  needles  of  hippuric  acid, 
soiled  by  adhering  uric  acid. 

The  deposit  of  buff-coloured  or  pinldsh  amorphous  sediment,  which 
so  frequently  occurs  in  urine  upon  cooling,  after  unusual  exercise  or 
slight  derangements  of  health,  consists  chiefly  of  urate  of  soda  with 
urate  of  ammonia :  it  may  be  at  once  distinguished  from  a  deposit  of 
ammonio-magnesian  phosphate  by  its  instant  disappearance  on  the 
application  of  heat.  The  earthy  phosphates,  besides,  are  hardly  ever 
deposited  from  urine  which  has  an  acid  reaction.  The  colouring  mat- 
ter of  the  urine  is  constantly  undergoing  change  :  by  means  of  neutral 
and  basic  acetate  of  lead  it  may  be  separated  into  two  substances 
which  contain  different  amounts  of  carbon.  The  substance  which 
contains  most  cai'bon  may  be  obtained  as  a  dark-blue  powder  :  when 
dry  it  has  a  copper  colour  like  indigo,  and  dissolves  in  alcohol,  giving 
a  purple-blue  solution.  It  is  said  to  occur  most  evidently  in  Bright's 
disease.  Virchow  states  that  he  met  with  this  blue  pigment  in  crystals 
in  unhealthy  urine.  Heller  distinguishes  three  colouring  matters  in  the 
urine  to  wliich  he  has  given  the  names  uroxanthin,  uroglaucin,  and 
urorhodin ;  they  have  not  been  chemically  examined  on  account  of  the 
difficulty  of  preparing  them. 

The  yellow  principle  of  bile  may  be  observed  in  mine  in  cases  of 
jaundice. 

The  urine  of  the  carnivorous  mammifera  is  small  in  quantity,  and 
-highly  acid  ;  it  has  a  very  offensive  odour,  and  quickly  putrefies.  In 
composition  it  resembles  that  of  man,  and  is  rich  in  urea.  In  birds 
and  serpents  the  urine  is  a  white  pasty  substance,  consisting  almost 
entirely  of  urate  of  ammonia.  In  herbivorous  animals  it  is  alkaline 
and  often  turbid  from  earthy  carbonates  and  phosphates  :  urea  is  still 
the  characteristic  ingredient,  while  of  uric  acid  there  is  scarcely  a 
ti-ace  ;  hippuric  acid  is  usually,  if  not  always,  pi-esent,  sometimes  to  a 
veiy  large  extent.  When  the  urine  putrefies,  this  hippuric  acid,  as 
already  noticed,  becomes  changed  to  benzoic  acid. 

Urinarvt  calcqli. — Stony  concretions,  differing  much  in  physical 
characters  and  in  chemical  composition,  are  unhappily  but  too  fre- 
quently formed  in  the  bladder  itself,  and  give  rise  to  one  of  the  most 
distressing  complaints  to  which  humanity  is  subject.  Although  many 
endeavours  have  been  made  to  find  some  solvent  or  solvents  for  these 
calculi,  and  thus  supersede  the  necessity  of  a  formidable  surgical  ope- 
ration for  their  removal,  success  has  been  but  very  partial  and 
limited. 

Urinary  calculi  are  generally  composed  of  concentric  layers  of  crys- 
talline or  amorphous  matter,  of  various  degrees  of  hardness.  Very  fre- 
quently the  central  point  or  nucleus  is  a  small  foreign  body;  curious 
illustrations  of  this  will  be  seen  in  any  large  collection.  Calculi  are 
not  confined  to  man  ;  the  lower  animals  are  subject  to  the  same  afflic- 
tion ;  they  have  been  found  in  horses,  oxen,  sheep,  pigs,  and  almost 
constantly  m  rats. 
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The  following  is  ca  sketch  of  the  principal  characters  of  the  different 
varieties  of  calculi : — 

1.  Uric  Acid. — These  are  among  the  most  common  ;  externally  they 
are  smooth  or  warty,  of  yellowish  or  brownish  tint ;  they  have  an  im- 
perfectly crystalline,  distinctly  concentric  structure,  and  are  tolerably 
hard.  Before  the  blowpipe  the  uric  acid  calculus  burns  away,  leaving 
no  ash.  It  is  insoluble  in  water,  but  dissolves  with  facility  in  caustic 
potassa,  with  but  little  ammoniacal  odour ;  the  solution  mixed  with 
acid  gives  a  copious  white  curdy  precipitate  of  uric  acid,  which  speedily 
becomes  dense  and  crystalline.  Cautiously  heated  with  nitric  acid, 
and  then  mixed  with  a  little  ammonia,  it  gives  the  characteristic 
reaction  of  uric  acid,  viz.,  deep  purple-red  murexide. 

2.  Urate  of  Ammonia. — Calculi  of  urate  of  ammonia  much  resem- 
ble the  preceding;  they  are  easily  distinguished,  however.  The 
powder  boiled  in  water  dissolves,  and  the  solution  gives  a  precipitate 
of  uric  acid  when  mixed  with  hydi-ochloric  acid.  It  dissolves  also  in 
hot  carbonate  of  potassa  with  copious  evolution  of  ammonia. 

3.  Fusible  Calculus ;  Phosphate  of  Lime  with  Phosphate  of  Mag- 
nesia and  Ammonia. — This  is  one  of  the  most  common  kinds.  The 
stones  are  usually  white  or  pale-coloured,  smooth,  earthy,  and  soft; 
they  often  attain  a  large  size.  Before  the  blowpipe  this  substance 
blackens  from  animal  matter  which  earthy  calculi  always  contain  ; 
then  becomes  white,  and  melts  to  a  bead  with  comparative  facility. 
It  is  insoluble  in  caustic  alkali,  but  readily  soluble  in  dilute  acids,  and 
the  solution  is  precipitated  by  ammonia.  Calculi  of  unmixed  phos- 
phate of  lime  are  rare,  as  also  those  of  phosphate  of  magnesia  and 
ammonia ;  the  latter  salt  is  sometimes  seen  forming  small  brilliant 
crystals  in  cavities  in  the  fusible  calculus. 

4.  Oxalate  of  Lime  Calculus;  Mulberry  Calculus. — The  latter 
name  is  derived  from  the  rough,  warty  character,  and  dark  blood- 
stained aspect  of  this  variety  ;  it  is  perhaps  the  worst  form  of  calculus. 
It  is  exceedingly  hard ;  the  layers  are  thick  and  imperfectly  crystal- 
line. Before  the  blowpipe  the  oxalate  of  lime  burns  to  a  carbonate 
by  a  moderate  red-heat,  and,  when  the  iiame  is  strongly  urged,  to 
quicklime.  It  is  soluble  in  moderately-strong  hydrochloric  acid  by  heat, 
and  very  easily  in  nitric  acid.  When  finely  powdered  and  long  boiled 
in  a  solution  of  carbonate  of  potassa,  oxalate  of  potassa  may  be  dis- 
covered in  the  filtered  liquid,  when  carefully  neutralized  by  nitric  acid, 
by  white  precipitates  with  solutions  of  lime,  lead,  and  silver.  A  sedi- 
ment of  oxalate  of  lime  in  very  minute,  transparent,  octahedral 
crystals,  only  to  be  seen  by  the  microscope,  is  of  common  occurrence 
in  urine,  in  which  a  tendency  to  deposits  of  urates  exists. 

5.  Cystic  and  Xanthic  Oxides  have  already  been  described  ;  they 
are  very  rare,  especially  the  latter.  Calculi  of  cystic  oxide  are  very 
crystalline,  and  often  present  a  waxy  appearance  externally ;  sediments 
of  cystic  oxide  are  sometimes  met  with.  As  before  mentioned,  this 
.substance  is  a  definite  crystallizable  organic  principle,  containing  sul- 


NERVOUS  SUBSTANCE. 


645 


pbur  to  a  large  amount ;  it  is  soluble  both  in  acids  and  alkalis.  When 
the  solution  in  nitric  acid  is  evaporated  to  dryness,  it  blackens  ;  when 
dissolved  in  a  large  quantity  of  caustic  potassa,  a  drop  of  solution  of 
acetate  of  lead  added,  and  the  whole  boiled,  a  black  precipitate  con- 
taining sulphide  of  lead  makes  its  appearance.  By  these  characters 
cystic  oxide  is  easily  recognized. 

"  Xanthic  oxide,  also  a  definite  organic  principle,  is  distinguished  by 
the  peculiar  deep-yellow  colour  produced  when  its  solution  in  nitric 
acid  is  evaporated  to  dryness  ;  it  is  soluble  in  alkalis,  but  not  in  hy- 
drochloric acid. 

Very  many  calculi  are  of  a  composite  nature,  the  composition  of  the 
different  layers  being  occasionally  changed,  or  alternating  :  thus,  urate 
of  ammonia  and  oxalate  of  lime  are  not  unfrequently  associated  in  the 
same  stone. 

NERVOUS  SUBSTANCE  ;    ELASTIC  TISSUE  ;  BONES. 

Nervous  substance. — -The  brain  and  nerves  contain  from  7  to 
9  per  cent,  of  an  albuminous  substance,  also  several  remarkable  fatty 
principles,  constituting  from  5  to  14  per  cent.,  capable  of  being  ex- 
tracted by  alcohol  and  ether,  some  of  which  are  yet  very  imperfectly 
known,  and  from  75  to  80  per  cent,  of  water.  According  to  Fremy, 
if  the  nervous  substance  be  boiled  with  alcohol,  elain,  cholesterin,  oleic 
and  margaric  acids  are  extracted,  pai'tly  combined  with  soda,  potassa,  or 
lime ;  if  then  the  residue  be  treated  with  boiling  ether,  cholesterin, 
cerebric  acid,  and  oleo-phosphoric  acid  are  dissolved.  These  acids  are 
also  in  combination  with  soda  and  lime.  The  first  is  solid,  white,  and 
crystalline,  soluble  without  difficulty  in  boiling  alcohol  and  ether,  and 
forming  with  hot  water  a  soft  gelatinous  mass.  It  melts  when  heated, 
and  decomposes  almost  immediately  afterwards,  exhaling  a  peculiar 
odour,  and  leaving  a  quantity  of  charcoal  which  contains  free  phos- 
phoric acid,  and  is  in  consequence  very  difficult  to  bum.  It  combines 
with  the  alkalis,  but  forms  insoluble  compounds.  Cerebric  acid  con- 
tains in  100  parts  : — 

Carbon   66' 7 

Hydrogen   10-6 

Nitrogen   23 

Oxygen   19-5 

Phosphorus         ....  0*9 


100-0 

The  oleo-phosphoric  acid  has  been  even  less  perfectly  studied  than 
the  preceding  substance.  It  is  of  soft  oily  consistence,  soluble  in  hot 
alcohol  and  ether,  and  saponifiable.  When  boiled  with  water,  it  is  re- 
solved into  a  fluid  neutral  oil,  called  cerehrolein,  and  phosphoric  acid, 
which  dissolves.    Fremy  gives  about  2  per  cent,  of  phosphoric  acid. 
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The  oily  matter  of  the  brain  is  sufficient  in  quantity  to  form  with 
the  albuminous  portion  a  kind  of  emulsion,  which,  when  beaten  up, 
remains  long  suspended  in  water. 

Elastic  tissue  ;  skin. — The  skin  and  tendons  contain  a  substance 
which  resists  the  action  of  boiling  water  even  for  60  hours.  It  is 
insoluble  in  cold  concentrated  acetic  acid,  and  in  tolerably  concentrated 
caustic  potassa.  By  long-continued  boiling  in  acetic  acid  it  is  gradually 
dissolved  ;  it  is  more  easily  so  in  hydrochloric  acid.  Tilanus  found 
in  the  ligamentmn  nucha,  carbon  55*75,  hydrogen  7'41,  nitrogen 
17-74. 

The  principle  of  tanning,  of  such  great  practical  value,  is  easily  ex- 
plained. When  the  skin  of  an  animal,  carefully  deprived  of  hair,  fat, 
and  other  impurities,  is  immersed  in  a  dilute  solution  of  tannic  acid, 
the  cellular  and  elastic  tissues  gradually  combine  with  that  substance 
as  it  penetrates  inwards,  forming  a  perfectly  insoluble  compound, 
which  resists  putrefaction  completely :  this  is  leather.  In  practice, 
lime-water  is  used  for  cleansing  and  preparing  the  skin,  and  an  infusion 
of  oak-bark  or  sometimes  catechu,  or  other  astringent  matter,  for  the 
source  of  tannic  acid.  The  process  itself  is  necessarily  a  slow  one,  as 
dilute  solutions  only  can  be  safely  used.  Of  late  years,  however, 
various  contrivances,  some  of  which  show  great  ingenuity,  have  been 
adopted,  with  more  or  less  success,  for  quickening  the  operation.  All 
leather  is  not  t<anned  :  glove  leather  is  dressed  with  alum  and  common 
salt,  and  afterwards  treated  with  a  preparation  of  the  yolks  of  eggs, 
which  contain  an  albuminous  matter  and  a  yellow  oil.  Leather  of  this 
kind  still  yields  a  size  by  the  action  of  boiling  water. 

Bones. — Bones  are  constructed  of  a  dense  cellular  tissue  of  mem- 
branous matter,  made  stiff  and  rigid  by  insoluble  earthy  salts,  of 
which  phosphate  of  lime  (SCaOjPOj)  is  the  most  abundant.  The 
proportions  of  earthy  and  animal  matter  vary  very  much  with  the 
kind  of  bone  and  with  the  age  of  the  individual,  as  will  be  seen  in  the 
following  table,  in  which  the  corresponding  bones  of  an  adult  and  of  a 
still-born  child  are  compared  : — 


ADDLT.  CHILD. 


Inorganic 

Organic 

Inorganic 

Organic 

matter. 

matter. 

matter. 

matter. 

Femur  . 

62-49  . 

37-51 

.      57-51  . 

42-49 

Humerus 

63-02  . 

36-98 

58-08  . 

41-92 

Radius  . 

60-51  . 

39-49 

.     56-50  . 

43-50 

Os  temporum 

63-50  . 

36-50 

.      55-90  . 

44-10 

Costa 

.    57-49  . 

42-51 

.     53-75  . 

46-25 

The  bones  of  the  adult  being  constantly  richer  in  earthy  salts  than 
those  of  the  infant. 

The  following  complete  compai'ative  analysis  of  human  and  os  bones 
is  due  to  Berzelius ; — 
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Animal  matter  soluble  by  boUing 
Vascular  substance 
Phosphate  of  lime,  with  a  little  1 
fluoride  of  calcium  .  J 

Carbonate  of  lime 
Phosphate  of  magnesia 
Soda,  and  a  little  common  salt 


Human  bones. 

Ox  bones. 

32-171 

1-13/ 

53-04 

57-35 

11-30 

3-85 

1-16 

2-05 

1-20 

3-45 

100-00 

100-00 

The  teeth  have  a  very  similar  composition,  but  contain  less  animal 
matter  ;  their  texture  is  much  more  solid  and  compact.  The  enamel 
does  not  contain  more  than  2  or  3  per  cent,  of  animal  matter. 


ON  THE  FUNCTIOX  OF  NOTRITION  IN  THE  ASIMAL  AND  VEGETABLE 

KINGDOMS. 

The  constant  and  unceasing  waste  of  the  animal  body  in  the  process 
of  respiration,  and  in  the  various  secondary  changes  therewith  con- 
nected, necessitates  an  equally  constant  repair  and  renewal  of  the 
whole  frame  by  the  deposition  or  organization  of  matter  i'rom  the 
blood,  which  is  thus  gradually  impoverished.  To  supply  this  defi- 
ciency of  solid  material  in  the  circulating  fluid  is  the  office  of  the  food. 
The  striking  contrast  which  at  first  appears  in  the  nature  of  the  food 
of  the  two  great  classes  of  animals,  the  vegetable  feeders  and  the  car- 
nivorous races,  diminishes  greatly  on  close  examination:  it  will  be 
seen  that,  so  far  as  the  materials  of  blood,  or,  in  other  words,  those 
devoted  to  the  repair  and  sustenance  of  the  body  itself,  are  concerned, 
the  process  is  the  same.  In  a  flesh-eating  animal  great  simplicity  is 
observed  in  the  construction  of  the  digestive  organs  ;  the  stomach  is  a 
mere  enlargement  of  the  short  and  simple  alimentary  canal  ;  and  the 
reason  is  plain :  the  food  of  the  creature,  flesh,  is  absolutely  identical 
in  composition  with  its  own  blood,  and  with  the  body  that  blood  is 
destined  to  nourish.  In  the  stomach  it  undergoes  mere  solution, 
being  brought  into  a  state  fitted  for  absorption  by  the  lacteal  vessels, 
by  which  it  is  nearly  all  taken  up,  and  at  once  conveyed  into  the 
blood;  the  excrements  of  such  animals  are  little  more  than  the  com- 
minuted bones,  feathers,  hair,  and  other  matters  which  refuse  to  dis- 
solve in  the  stomach.  The  same  condition,  that  the  food  employed 
for  the  nourishment  of  the  body  must  have  the  same  or  nearly  the 
same  chemical  composition  as  the  body  itself,  is  really  fulfilled  in  the 
case  of  animals  that  live  exclusively  on  vegetable  substances.  It  has 
been  shown*  that  certain  of  the  azotized  principles  of  plants,  which 
often  abound,  and  are  never  altogether  absent,  have  a  chemical  com- 
position and  assemblage  of  properties  which  assimilate  them  in  the 
closest  manner,  and  it  is  believed  even  identify  them,  with  the  azo- 
*  Llebig,  Ann.  der  Chem.  und  Pharm.  xxxix.  129. 
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tized  principles  of  the  animal  body  :  vegetable  albumin,  fibrin,  and 
casein  are  scarcely  to  be  distinguished  from  the  bodies  of  the  same 
name  extracted  from  blood  and  milk. 

If  a  portion  of  wheaten  flour  be  made  into  a  paste  with  water,  and 
cautiously  washed  on  a  fine  metallic  sieve,  or  in  a  cloth,  a  greyish,  ad- 
hesive, elastic,  insoluble  substance  will  be  left,  called  gluten  or  glutin, 
and  a  milky  liquid  will  pass  through,  which  by  a  few  hours'  rest 
becomes  clear  by  depositing  a  quantity  of  starch.  If  now  this  liquid 
be  boiled,  it  becomes  again  turbid  from  the  production  of  a  flocculent 
precipitate,  which,  when  collected,  washed,  diied,  and  purified  from 
fat  by  boiling  with  ether,  is  found  to  have  the  same  composition  as 
animal  albumin.  The  glutin  itself  is  a  mixture  of  true  vegetable 
fibrin  and  a  small  quantity  of  a  peculiar  azotized  matter  called 
gliadin,  to  which  its  adhesive  properties  are  due.  The  gliadin  may 
be  extracted  by  boiling  alcohol,  together  with  a  thick,  fluid  oil,  which 
is  separable  by  ether ;  it  is  gluey  and  adhesive,  quite  insoluble  in 
water,  and,  when  dry,  hard  and  translucent  like  horn  ;  it  dissolves 
readily  in  dilute  caustic  alkali,  and  also  in  acetic  acid.  The  fibrin  of 
other  grain  is  unaccompanied  by  gliadin ;  barley  and  oatmeal  yield  no 
glutin,  but  incoherent  filaments  of  nearly  pure  fibrin. 

Vegetable  albumin  in  a  soluble  state  abounds  in  the  juice  of  many 
soft  succulent  plants  used  for  food ;  it  may  be  extracted  from  potatoes 
by  macerating  the  sliced  tubers  in  cold  water  containing  a  little  sul- 
phuric acid.  It  coagulates  when  heated  to  a  tempei'ature  dependent 
upon  the  degree  of  concentration,  and  cannot  be  distinguished  when 
in  this  state  from  boiled  white  of  egg  in  a  divided  condition. 

Almonds,  peas,  beans,  and  many  of  the  oily  seeds,  contain  a  prin- 
ciple which  bears  the  most  striking  resemblance  to  the  casein  of  milk. 
When  a  solution  of  this  substance  is  heated,  no  coagulation  occure, 
but  a  skin  forms  on  the  surface,  just  as  with  boiled  milk.  It  is 
coagulable  by  alcohol,  and  by  acetic  acid  ;  the  last  being  a  character 
of  importance.  Such  a  solution,  mixed  with  a  little  sugar — an  emulsion 
of  sweet  almonds,  for  instance — left  to  itself,  soon  becomes  sour  and 
curdy,  and  exhales  an  offensive  smell ;  it  is  then  found  to  contain 
lactic  acid. 

All  these  substances  dissolve  in  caustic  potassa,  with  production  of 
a  small  quantity  of  alkaline  sulphide;  the  filtered  solutions  mixed 
with  excess  of  acid  give  precipitates  of  protein. 

The  following  is  the  composition  in  100  parts  of  vegetable  albumin 
and  fibrin:  it  will  be  seen  that  they  agree  very  closely  with  the 
results  before  given ; — 


Carbon 
Hydrogen 
Nitrogen  . 

Oxygen,  sulphur,  and  phosphorus 


Albumin. 


55  01 
7-23 
15-92 
21-84 


Fibrin. 
54-60 
7-30 
15-81 
22-29 


100-00 


100-00 
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The  composition  of  vegetable  casein,  or  legumin,  has  not  been  so 
well  made  out :  so  much  discrepancy  appears  in  the  analyses  as  to 
lead  to  the  supposition  that  dififereut  substances  have  been  operated 
upon. 

The  great  bulk,  however,  of  the  solid  portion  of  the  food  of  the  her- 
bivora  consists  of  bodies  which  do  not  contain  nitrogen,  and  therefore 
cannot  yield  sustenance  in  the  manner  described :  some  of  these,  as 
vegetable  fibre  or  lignin,  and  waxy  matter,  pass  unaltered  through 
the  alimentary  canal;  others,  as  starch,  sugar,  gum,  and  perhaps 
vegetable  fat,  are  absorbed  into  the  system,  and  afterwards  disappear 
entirely :  they  are  supposed  to  contribute  very  largely  to  the  produc- 
tion of  animal  heat. 

On  these  principles.  Professor  Liebig*  has  very  ingeniously  made 
the  distinction  between  what  he  terms  plastic  elements  of  nutrition 
and  elements  of  respiration ;  to  the  former  class  belong 

Vegetable  fibrin. 
Vegetable  albumin, 
Vegetable  casein. 
Animal  flesh, 
Blood. 

To  the  latter, 
Fat, 


Starch, 
Gum, 

Cane-sugar, 


Grape-sugai-, 
Milk  sugar. 
Pectin, 
Alcohol  ? 


In  a  flesh-eating  animal,  the  waste  of  the  tissues  is  very  rapid,  the 
temperature  being,  as  it  were,  kept  up  in  great  measure  by  the  burning 
of  azotized  matter ;  in  a  vegetable  feeder  it  is  probably  not  so  great, 
the  non-azotized  substances  being  consumed  in  the  blood  in  place  of 
the  organic  fabric. 

When  the  muscular  movements  of  a  healthy  animal  are  restrained, 
a  genial  temperature  kept  up,  and  an  ample  supply  of  food  containing 
much  amylaceous  or  oily  matter  given,  an  accumulation  of  fat  in  the 
system  rapidly  takes  place :  this  is  well  seen  in  the  case  of  stall-fed 
cattle.  On  the  other  hand,  when  food  is  deficient,  and  much  exercise 
IS  taken,  emaciation  results.  These  effects  are  ascribed  to  differences 
m  the  activity  of  tlie  respiratory  function :  in  the  first  instance,  the 
heat-food  is  supplied  faster  than  it  is  consumed,  and  hence  accumulates 
m  the  form  of  fat;  in  the  second',  the  conditions  are  reversed,  and  the 
creature  is  kept  in  a  state  of  leanness  by  its  rapid  consumption.  The 
fat  of  an  animal  apj.ears  to  be  a  provision  of  nature  for  the  main- 
tenance of  life  during  a  certain  period  under  circumstances  of  priva- 
tion.  i 

The  origin  of  fat  in  the  animal  body  has  at  one  time  been  made 
*  Animal  Chemistry,  p.  96. 
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the  subject  of  much  animated  discussion.  On  the  one  hand  it  was  con- 
tended that  satisfactory  evidence  exists  of  the  conversion  of  starch  and 
saccharine  substances  into  fat,  by  separation  of  caibon  and  oxygen, 
the  change  somewhat  resembling  that  of  vinous  fermentation  :  it  was 
argued  on  the  other  side,  that  oily  or  fatty  matter  is  invariably  pre- 
sent in  the  food  supplied  to  the  domestic  animals,  and  that  this  fat  is 
merely  absorbed  and  deposited  in  the  body  in  a  slightly-modified 
state.  The  question  has  now  been  decided  in  favour  of  the  first  of 
these  views,  which  was  enunciated  by  Professor  Liebig,  by  the  very 
chemist  who  formerly  advocated  the  second  opinion.  By  a  series  of 
very  beautiful  experiments,  MM.  Dumas  and  Milne  Edwards  proved 
that  bees  exclusively  feeding  upon  sugar  were  still  capable  of  pro- 
ducing wax,  which  was  pointed  out  as  a  veritable  fact. 

It  is  not  known  in  what  manner  digestion,  the  reduction  in  the 
stomach  of  the  food  to  a  nearly  fluid  condition,  is  performed.  The 
natural  secretion  of  that  organ,  the  gastric  juice,  is  said  to  contain  a 
very  notable  quantity  of  free  hydrochloric  acid.  Dilute  hydrochloric 
acid,  aided  by  a  temperature  of  98°  (36°-6C)  or  100°  (37°'7C), 
dissolves  coagulated  albumin,  fibrin,  &c. ;  but  many  hours  are  required 
for  that  purpose.  The  gastric  secretion  has  been  supposed  to  contain 
a  peculiar  organic  principle  called  pepsin,  said  to  have  been  isolated, 
to  which  this  power  of  dissolving  albuminous  substances  in  conjunction 
with  the  hydrochloric  acid  is  attributed.  In  the  saliva  a  peculiar 
organic  principle  exists,  which  causes  the  conversion  of  starch  into 
sugar.  If  starch  is  held  in  the  mouth  even  for  two  minutes,  this 
change  is  found  to  occur.  The  active  cause  of  this  change  has  been 
looked  on  as  a  kind  of  animal  diastase.  The  fluid  which  is  obtained 
from  the  pancreas  has  also  the  same  action,  but  to  a  greater  degree. 
Neither  the  bile,  the  gastric  juice,  nor  free  acid,  prevent  the  trans- 
fonnation  of  the  starch  into  sugar. 

The  food  of  animals,  or  rather  that  portion  of  the  food  y/hich  is 
destined  to  the  repair  and  renewal  of  the  frame  itself,  is  thus  seen  to 
consist  of  substances  identical  in  composition  with  the  body  it  is  to 
nourish,  or  requiring  but  little  chemical  change  to  become  so. 

The  chemical  phenomena  observed  in  the  animal  system  resemble 
so  far  those  produced  out  of  the  body  by  artificial  means,  that  they 
are  all,  or  nearly  all,  so  far  as  is  known,  changes  in  a  descending 
series.  Albumin  and  fibrin  are  probably  more  complex  compounds  than 
gelatin  or  the  membrane  which  furnishes  it :  this,  in  turn,  has  a  far 
gi'eater  complexity  of  constitution  thajj  urea,  the  regular  form  in  which 
rejected  azotized  matter  is  conveyed  out  of  the  body.  The  animal 
lives  by  the  assimilation  into  its  own  substance  of  the  most  complex 
and  elaborate  products  of  the  organic  kingdom; — products  which  are, 
and,  apparently,  can  only  be,  formed  under  the  influence  of  vegetable 
life. 

The  existence  of  the  plant  is  maintained  in  a  manner  strikingly 
dissimilar: — the  food  supplied  to  vegetables  is  wholly  inorganic  ;  the 
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cai-bonio  acid  and  nitrogen  of  tlie  atmosphere,  the  water  which  falls 
as  rain,  or  is  deposited  as  dew  ;  the  minute  trace  of  ammouiacal  vapour 
present  in  the  air ;  the  alkali  and  saline  matter  extracted  from  the 
soil ;— such  are  the  substances  which  yield  to  plants  the  elements  of 
their  gi-owth.  That  green  healthy  vegetables  do  possess,  under  cir- 
cumstances to  be  mentioned  immediately,  the  property  of  decomposing 
carbonic  acid  absorbed  by  their  leaves  from  the  air,  or  conveyed  thither 
in  solution  through  the  medium  of  their  roots,  is  a  fact  positively 
proved  by  direct  experiment,  and  rendei-ed  certain  by  considerations 
of  a  very  stringent  kind.  To  effect  this  very  remarkable  decomposi- 
tion, the  influence  of  light  is  indispensable  ;  the  diffuse  light  of  day 
suffices  in  some  degree,  but  the  direct  rays  of  the  sun  greatly  exalt 
the  activity  of  the  process.  The  carbon  separated  in  this  manner  is 
retained  in  the  plant  in  union  with  the  elements  of  water,  with  which 
nitrogen  is  also  sometimes  associated,  while  the  oxygen  is  thrown  off 
into  the  air  from  the  leaves  in  a  pure  and  gaseous  condition. 

The  efi'ect  of  ammoniacal  salts  upon  the  growth  of  plants  is  so  re- 
markable, as  to  leave  little  room  for  doubt  concerning  the  peculiar 
function  of  the  ammonia  recently  discovered  in  the  air.  Plants  which 
in  their  cultivated  state  contain,  and  consequently  require,  a  large  sup- 
ply of  nitrogen,  as  wheat,  and  the  cereals  in  general,  are  found  to  be 
greatly  benefited  by  the  application  to  the  land  of  such  substances  as 
putrefied  urine,  which  may  be  looked  upon  as  a  solution  of  carbonate 
of  ammonia,  the  guano*  of  the  South  Seas,  which  usually  contains  a 
large  proportion  of  ammoniacal  salt,  and  even  of  a  pure  sulphate  of 
ammonia.  Some  of  these  manures  doubtless  owe  a  part  of  their  value 
to  the  phosphates  and  alkaline  salts  they  contain  ;  still,  the  chief 
effect  is  certainly  due  to  the  ammonia. 

Upon  the  members  of  the  vegetable  kingdom  thus  devolves  the  duty 
of  building  up,  as  it  were,  out  of  the  inorganic  constituents  of  the 
atmosphere, — the  carbonic  acid,  the  water,  and  the  ammonia, — the 
numerous  complicated  organic  principles  of  the  perfect  plant,  many  of 
which  are  afterwards  destined  to  become  the  food  of  animals,  and  of 
man.  The  chemistry  of  vegetable  life  is  of  a  very  high  and  mysterious 
order,  and  the  glimpses  occasionally  obtained  of  its  general  nature  are 
few  and  rare.    One  thing,  however,  is  manifest,  namely,  the  wonder- 

*  Guano  is  the  partially  decomposed  dung  of  birds,  found  in  immense 
quantities  on  some  of  the  barren  islets  of  the  western  coast  of  South  America, 
as  that  of  Peru.  More  recently,  similar  deposits  have  been  found  on  the 
coast  of  Southern  Africa.  The  gpano  now  imported  into  England  from 
these  localities  is  usually  a  soft,  brown  powder,  of  various  shades  of  colour. 
White  specks  of  bone-earth,  and  sometimes  masses  of  saUne  matter,  may  be 
found  in  it.  That  which  is  most  recent,  and  probably  most  valuable  as 
manure,  often  contains  undecomposed  uric  acid,  besides  much  oxalate  or 
hydrochlorate  of  ammonia,  and  alkaline  phosphates,  and  other  salts  :  it  has 
a  most  offensive  odour.  The  specimens  taken  from  older  deposits  have  but 
little  smell,  are  darker  in  colour,  contain  no  uric  acid,  and  much  less  ammo- 
niacal salt ;  the  chief  components  are  bone-earth,  a  peculiar  dark-coloured 
organic  matter,  and  soluble  inorganic  salts.  See  also  p.  546. 
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ful  relations  between  the  two  orders  of  organized  beings,  in  virtue  of 
which  the  rejected  and  refuse  matter  of  the  one  is  made  to  constitute 
the  essential  and  indispensable  food  of  the  other.  While  the  animal 
lives,  it  exhales  incessantly  from  its  lungs,  and  often  from  its  skin, 
carbonic  acid  ;  when  it  dies,  the  soft  parts  of  its  body  undergo  a  series 
of  chemical  changes  of  degradation,  which  tenninate  in  the  production 
of  carbonic  acid,  water,  carbonate  of  ammonia,  and,  perhaps,  other 
products  in  small  quantity.  These  are  taken  up  by  a  fresh  sreneration 
of  plants,  which  may  in  their  turn  serve  for  food  to  another  race  of 
animals. 
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SECTION  IX. 

OX  CERTAIN  PRODUCTS  OF  THE  DESTRUCTIVE  DISTILLATION 
AND  SLOW  PUTREFACTIVE  CHANGE  OF  ORGANIC  MATTER. 


SUBSTANCES  OBTAINED  FROM  TAR. 

There  are  three  principal  varieties  of  tar: — (1.)  Tar  of  the  wood- 
vinegar  maker,  procured  by  the  destructive  distillation  of  dry  hard 
wood  ;  (2.)  Stockholm  tar,  so  largely  consumed  in  the  arts,  as  in  ship- 
building, &c.,  which  is  obtained  by  exposing  to  a  Idnd  of  rude  distil- 
latio  per  descensmn  the  roots  and  useless  parts  of  resinous  pine  and 
fir-timber  ;  and,  lastly,  (3.)  Coal  or  mineral  tar,  a  by-product  in  the 
manufacture  of  coal-gas.    This  is  viscid,  black,  and  ammoniacal. 

All  these  tars  yield  by  distillation,  alone  or  with  water,  oily  liquids 
of  extremely  complicated  nature,  from  which  a  number  of  ciu'ious 
products,  to  be  presently  described,  have  been  procured;  the  solid 
brown  or  black  residue  constitutes  pitch.  Hard-wood  tai*  furnishes 
the  following : — 

Paraffin  ;  tar-oil  stearin. — This  remarkable  substance  is  found 
in  that  part  of  the  wood-oil  which  is  heavier  than  water ;  it  is  ex- 
ti-acted  by  re-distilling  the  oil  in  a  retort,  collecting  apart  the  last 
portions,  gradually  adding  a  quantity  of  alcohol,  and  exposing  the 
whole  to  a  low  temperature.  Thus  obtained,  paraffin  appears  in  the 
shape  of  small,  colourless  needles,  fusible  at  110°  (43°-3C)  to  a  clear 
liquid,  which  on  solidifying  becomes  glassy  and  transparent.  It  is 
tasteless  and  inodorous;  volatile  without  decomposition;  and  burns, 
when  strongly  heated,  with  a  luminous  yet  smoky  flame.  It  is  quite 
insoluble  in  water,  slightly  soluble  in  alcohol,  fi-eely  in  ether,  and  mis- 
cible  in  all  proportions,  when  melted,  with  both  fixed  and  volatile  oils. 
The  most  energetic  chemical  reagents,  as  strong  acids,  alkalis,  chlorine 
&c.,  fail  to  exert  any  action  on  this  substance ;  it  is  not  known  to 
combine  in  a  definite  manner  vmth  any  other  body,  whence  its  ex- 
traordinary name,  from  parum  affinis. 

Paraffin  contains  carbon  and  hydrogen  only,  and  in  the  same  pro- 
portions as  in  olefiant  gas,  or  CH."  M.  Lewy,  of  Copenhagen,  makes  it 
CaoHsi-    The  rational  formula  is  unknown. 

EupiONE.*— This  is  the  chief  component  of  the  light  oil  of  wood- 
tar  ;  it  occurs  also  in  the  tar  of  animal  matters,  and  in  the  fluid  product 
*  From  eJ,  good,  beautiful,  and  niov,  fat. 
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of  the  distillation  of  rape-seed  oil.  Its  separation  is  effected  by  tlie 
agency  of  concentrated  sulphuric  acid,  or  of  a  mixture  of  sulphuric 
acid  and  nitre,  which  oxidizes  and  destroys  most  of  the  accom- 
panying substances.  In  a  pure  state,  it  is  an  exceedingly  thin 
colourless  liquid,  of  agreeable  aromatic  odour,  but  destitute  of  taste: 
it  is  the  hghtest  known  liquid,  having  a  density  of  0"G55.  At  116" 
(46°-6C)  it  boils  and  distils  unchanged.  Dropped  upon  paper,  it 
makes  a  greasy  stain,  which  al'ter  a  time  disappears.  Eupione  is 
very  inflammable,  and  burns  with  a  bright  luminous  flame.  In  water 
it  is  quite  insoluble,  in  rectified  spirit  nearly  so,  but  with  ether  and 
oils  freely  miscible. 

Eupione  is  a  hydrocarbon;  according  to  M.  Hess  it  consists  of 
CjHg.  It  is  very  probable  that  eupione  frequently  contains  and 
sometimes  entirely  consists  of  hydride  of  amyl  (see  page  474). 

Other  volatile  oils,  having  a  similar  origin,  and  perhaps  a  similar 
composition,  but  differing  from  the  above  m  specific  gravity  and 
boiling-point,  are  sometimes  confounded  with  eupione.  The  study  of 
these  substances  presents  many  serious  difficulties.  It  is  even  doubt- 
ful whether  the  eupione  be  not  formed  by  the  energetic  chemical 
agents  employed  in  its  supposed  purification ;  and  this  remark  ap- 
plies with  even  greater  force  to  the  nest  three  or  four  tar-products  to 
be  noticed. 

PiCAMAR.* — A  component  of  the  heavy  oil  of  wood  ;  it  is  a  viscid, 
colourless,  oily  liquid,  of  feeble  odour,  but  intensely-bitter  taste.  Its 
density  is  1-095,  and  it  boils  at  518°  (270°C).  It  is  insoluble  in 
water,  but  dissolves  in  all  proportions  in  alcohol,  ether,  and  the  oils. 
The  most  characteristic  property  of  picamar  is  that  of  foi-ming  with 
the  alkalis  and  ammonia  ci'ystalline  compounds,  which,  although  de- 
composed by  water,  are  soluble  without  change  in  spirit.  The  com- 
position of  this  substance  is  unknown. 

KAPNOMOR.f — Such  is  the  name  given  by  Dr.  Reichenbach  to 
another  oily  liquid  obtained  from  the  same  source  as  the  last,  by  a 
long  and  complex  process,  in  which  strong  solutions  of  caustic  potassa 
are  freely  used.  It  is  described  as  a  colourless  volatile  oil,  of  high 
boiling-point,  and  rather  lighter  than  water  ;  it  has  an  odour  of  ginger, 
and  a  taste  feeble  at  first,  but  afterwards  becoming  connected  with  an 
insupportable  sense  of  suffocation.  Water  refuses  to  dissolve  it ; 
alcohol  and  ether  take  it  up  easily ;  and  oil  of  vitriol  combines  with 
it,  giving  rise  to  a  complex  acid,  the  potassa-salt  of  which  is  crys- 
tallizable.    Its  composition  is  unknown. 

Cedriret.J; — ^The  lighter  oil  of  hard-wood  tar  contains  a  sub- 
stance, separable  from  the  eupione,  &c.,  by  caustic  alkalis,  which  in 
contact  with  oxidizing  agents,  as  sulphate  of  sesquioxide  of  iron, 
chromic  acid,  or  even  atmospheric  air,  yields  a  mass  of  small,  red, 

*  From  pix,  and  amarus,  in  allusion  to  its  bitter  taste, 
•f-  From  Kanvos,  smoke,  ixolpa,  part. 

X  From  ccdriwni,  the  old  name  for  acid  tar-water,  and  rete,  a  net. 
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reticulated  crystals,  infusible  by  heat,  and  soluble  in  concentrated 
sulphuric  acid  with  deep  indigo-blue  colour.  This  substance  is  in- 
soluble in  watei-,  alcohol,  and  ether ;  nothing  is  known  respecting  its 
composition. 

Kreosote.*— This  is  by  far  the  most  important  and  interesting 
body  of  the  group.  Its  discovery  is  due  to  Dr.  Reichenbach :  it  is  the 
principle  to  which  wood-smoke  owes  its  power  of  curing  and  present- 
ing salted  meat  and  other  provisions.  Kreosote  is  most  abundantly 
contained  in  the  heavy  oil  of  beech-tar,  as  procured  from  the  wood- 
vinegar  maker,  and  is  thence  extracted  by  a  most  tedious  and  com- 
plicated series  of  operations ;  it  certainly  pre-exists,  however,  in  the 
original  material.  The  tar  is  distilled  in  a  metallic  vessel,  and  the 
different  products  are  collected  apart ;  the  most  volatile  portion,  which 
is  lighter  than  water,  and  consists  chiefly  of  eupione,  is  rejected  ;  the 
second  portion  is  denser,  and  contains  the  kreosote,  and  is  set  aside  ; 
the  distillation  is  stopped  when  paraffin  begins  to  pass  over  in  quan- 
tity. The  impure  kreosote  is  first  agitated  with  carbonate  of  potassa 
to  remove  adhering  acid,  separated  and  re-distilled,  the  first  part 
being  again  rejected ;  it  is  next  strongly  shaken  with  a  solution  of 
phosphoric  acid,  and  again  distilled:  a  quantity  of  ammonia  is  thus 
separated.  Afterwards,  it  is  dissolved  in  a  solution  of  caustic 
potassa  of  specific  gravity  1*12,  and  decanted  from  the  insoluble  oil 
which  floats  on  the  surface  :  this  alkaline  liquid  is  boiled,  and  left 
some  time  in  contact  with  air,  by  which  it  acquires  a  brown  colour, 
from  the  oxidation  of  some  yet  unlmown  substance  present  in  the 
crude  product.  The  compound  of  kreosote  and  alkali  is  next  decom- 
posed by  sulphuric  acid  ;  the  separated  kreosote  is  again  dissolved  in 
caustic  potassa,  boiled  in  the  air,  and  the  solution  decomposed  by 
acid;  and  this  treatment  repeated  until  the  product  ceases  to  become 
coloured  by  the  joint  influence  of  oxygen  and  the  alkaline  base. 
When  so  for  purified,  it  is  well  washed  with  water,  and  distilled.  The 
first  portion  contains  water  ;  that  which  succeeds  is  pure  kreosote. 

In  this  condition  kreosote  is  a  colourless,  somewhat  viscid  oily 
liquid,  of  great  refractive  and  dispersive  power.  It  is  quite  neutral  to 
test-paper;  it  has  a  penetrating  and  most  peculiar  odour,  that,  namely, 
of  smoked  meat,  and  a  pungent  and  almost  insupportable  taste  when 
placed  in  a  very  small  quantity  upon  the  tongue.  The  density  of  this 
substance  is  1'037,  and  its  boiling-point  397"  (202°-8C).  It  inflames 
with  difficulty,  and  then  burns  with  a  smoky  light.  When  quite  pure, 
it  is  unalterable  by  exposure  to  the  air  :  much  of  the  kreosote  of  com- 
merce becomes,  however,  under  these  circumstances,  gradually  brown. 
100  parts  of  cold  water  take  up  about  Ij  parts  of  kreosote  ;  at  a  high 
temperature  rather  more  is  dissolved,  and  the  hot  solution  abandons  a 
portion  on  cooling.  The  kreosote  itself  absorbs  water  also  to  a  consi- 
derable extent.    In  acetic  acid  it  dissolves  in  much  larger  quantity. 


*  Derived  from  Kpe'as,  flesh,  and  crw^u,  I  preserve. 
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Alcoliol  and  ether  mix  witli  In-eosote  in  all  proportions.  Concentrated 
sulphuric  acid,  by  the  aid  of  heat,  blacltens  and  destroys  it.  Caustic 
potassa  dissolves  Icreosote  with  great  facility,  and  forms  with  it  a  defi- 
nite compound,  which  crystallizes  in  brilliant  pearly  scales. 

Kreosote  consists  of  carbon,  hydrogen,  and  oxygen,  but  its  exact 
composition  is  yet  uncertain.    The  formula  C^^U^O^  has  been  given. 

The  most  remarkable  and  characteristic  feature  of  the  compound  in 
question  is  its  extraordinary  antiseptic  power.  A  piece  of  animal  flesh 
steeped  in  a  very  dilute  solution  of  kreosote  dries  up  to  a  mummy- 
like substance,  but  absolutely  refuses  to  putrefy.  The  well-known 
efficacy  of  impure  wood  vinegar  in  preserving  provisions  is  with 
justice  attributed  to  the  kreosote  it  contains ;  and  the  effect  of  mere 
wood-smoke  is  also  thus  explained.  In  a  pure  state,  kreosote  is  some  • 
times  employed  by  the  dentist  for  relieving  toothache,  arising  from 
putrefactive  decay  in  the  substance  of  the  tooth. 

Chrysen  and  Pvren. — M.  Laurent  extracted  fi-om  pitch,  by  dis- 
tillation at  a  high  temperature,  two  new  solid  bodies  to  which  he  gave 
ihe  preceding  names  ;  they  condense  together,  with  a  quantity  of  oily 
matter,  partly  in  the  neck  of  the  retort,  and  partly  in  the  receiver,  and 
aj-e  separated  by  the  aid  of  ether.  Chrysen,  so  called  from  its  golden 
colour,  is  a  pure  yellow  crystalline  powder,  which  fuses  by  heat,  and 
sublimes  without  much  decomposition.  It  is  insoluble  in  water  and 
alcohol,  and  nearly  insoluble  in  ether  :  warm  oil  of  vitriol  dissolves  it, 
with  the  development  of  a  beautiful  deep-green  colour.  Boiling  nitric 
acid  converts  it  into  an  insoluble  red  substance,  which  has  not  been 
studied.    Chrysen  is  composed  of  CgH. 

Pyren  differs  from  the  preceding  substance  in  being  colourless,  crys- 
tallizing in  small,  sofi,  micaceous  scales,  soluble  in  boiling  alcohol  and 
ether.    It  is  fusible  and  volatile.    Pyren  contains  C^Hj. 

Oil  of  ordinary  tar,  obtained  by  distillation  alone,  or  with  water, 
consists  in  great  measure  of  unaltered  oil  of  tui-pentin,  mixed,  how- 
ever, with  empyreumatic  oily  products,  which  give  it  a  powerful  odour 
and  a  dai'k  colour.  The  residual  pitch  contains  much  pine-resin,  and 
thus  differs  from  the  solid  portion  of  the  hard  wood-tar  so  frequently 
mentioned. 


Volatile  Principles  of  Goal-Tar. 

Coal-tar  yields  on  distillation  a  large  quantity  of  thin,  dark-colom-ed, 
volatile  oil,  which,  when  agitated  with  dilute  sulphuric  acid  to  remove 
ammonia,  and  twice  rectified  with  water,  becomes  nearly  colourless  : 
it  is  very  volatile,  lighter  than  water,  very  inflammable,  and  pos- 
'sesses  in  a  high  degree  the  property  of  dissolving  caoutchouc,  on 
which  account  it  is  very  extensively  used  in  the  manufacture  of  water- 
proof fabrics  containing  that  material. 

This  coal-oil  is  a  mixture  of  a  great  variety  of  liquids  and  solids  dis- 
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solved  in  the  oil.  By  the  action  of  acids  and  alkalis,  this  mixture  may- 
be conveniently  divided  into  three  separate  groups.  (1)  A  group  of 
basic  compounds  soluble  in  acids;  (2)  an  acid  portion  soluble  in 
alkalis ;  and  (3)  a  group  of  neutral  constituents. 

The  basic  constituents  form  but  a  small  part  of  coal-tar  oil.  They 
are  extracted  by  agitating  successively  large  quantities  of  the  oil  with 
hydrochloric  acid,  and  afterwards  distilling  the  acid  watery  liquid  ob- 
tained with  excess  of  hydrate  of  lime.  The  bases  thus  obtained  con- 
sist chiefly  of  picoline  (see  page  574),  aniline  (see  page  566),  and 
leucoline  (see  page  574),  and  are  separated  by  distillation;  these  three 
compounds  boiling  at  very  different  temperatures. 

The  acid  portion  of  coal-tar  oil  consists  essentially  of  carbolic  acid 
or  phenol. 

Carbolic  acid  ;  phenol. — Common  coal-tar  oil  is  agitated  with  a 
mixture  of  hydrate  of  lime  and  water,  the  whole  being  left  for  a  con- 
siderable time ;  the  aqueous  liquid  is  then  separated  from  the  undis- 
solved oil,  decomposed  by  hydrochloric  acid,  and  the  oily  product 
obtained  purified  by  cautious  distillation,  the  first  third  only  being 
collected.  Or  crude  coal-oil  is  subjected  to  distillation  in  a  retort 
furnished  with  a  thermometer,  and  the  portion  which  passes  over 
between  the  temperatures  of  300°— 400°  (194°— 204''-5C)  collected 
apart.  This  product  is  then  mixed  with  a  hot  strong  solution  of 
caustic  potassa,  and  left  to  stand  ;  a  whitish,  somewhat  crystalline, 
pasty  mass  is  obtained,  which  by  the  action  of  water  is  resolved  into 
a  light  oily  liquid  and  a  dense  alkaline  solution.  The  latter  is  with- 
drawn by  a  siphon,  decomposed  by  hydrochloric  acid,  and  the  sepa- 
rated oil  purified  by  contact  with  chloride  of  calcium  and  re-distilla- 
tion. Lastly,  it  is  exposed  to  a  low  temperatuj'e,  and  the  crystals 
formed  drained  from  the  mother-liquor  and  carefully  preserved  from 
the  air. 

Pure  cai'bolic  acid  forms  long  colourless  prismatic  needles,  which 
melt  at  95°  (35°C)  to  an  oily  liquid,  boiling  at  370°  (180°C),  and 
greatly  resembling  kreosote*  in  many  particulars,  having  a  very  pene- 
trating odour  and  burning  taste,  and  attacking  the  skin  of  the  lips. 
Its  sp.  gr.  is  1'065.  It  is  slightly  soluble  in  water,  fi-eely  in  alcohol 
and  ether,  and  has  no  acid  reaction  to  test-paper.  The  crystals  ab- 
sorb moisture  with  avidity,  and  liquefy.  It  coagulates  albumin.  Sul- 
phur and  iodine  dissolve  in  it;  nitric  acid,  chlorine,  and  bromine 
attack  it  with  energy.    Carbolic  acid  contains  C2jH50,HO. 

In  its  chemical  deportment  carbolic  acid  stands  veiy  near  the  alco- 
hols ;  a  fact  to  which  allusion  has  been  made  already  in  former  sections 
(see  pages  492  and  498):  we  may  assume  in  it  a  compound  radical, 
phenyl,  C^Hgr^Pyl,  analogous  to  ethyl,  when  carbolic  acid  becomes 
PylOjHO,  or  hydrated  oxide  of  phenyl. 

*  A  great  deal  of  the  kreosote  which  occurs  in  commerce  is  in  fa'-t 
nothing  but  more  or  less  pure  carbolic  acid.  ' 
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With  sulphuric  acid  hydrate  of  oxide  of  phenvl  forms  the  com- 
pound acid,  sulphophenic  acid,  C,2H,0,2S03,H6  =  PylO,2SO  ,H0 
which  assumes  a  syrupy  state  in  the  dry  vacuum.    This  acid  closely 
corresponds  to  sulphovinic  acid  (see  page  432).     The  baryta-salt 
crystallizes  from  alcohol  iu  minute  needles. 

Phenyl -alcohol  dissolves  potassium  with,  evolution  of  hydrogen,  a 
compound  CijHjOjKO  being  produced,  which  is  analogous  to  the  sub- 
stance formed  in  a  similar  manner  from  common  alcohol  (see  pao-e 
417).  On  heating  this  potassa-compound  with  iodide  of  methyl, 
ethyl,  or  amyl,  a  series  of  double  ethers  are  produced  represented  by 
the  following  formulae : — 

C,A0,C,H30  =C,,E,0, 

C.,H,0,C,oH,.0  =  C,,H„0,. 

These  substances,  also  described  by  the  names  anisol  (because  it  is 
likewise  produced  by  the  distillation  of  anisic  acid)  (see  page  609), 
phenetol  aud  phenamylol,  are  evidently  analogous  to  the  compounds  of 
oxide  of  methyl  with  those  of  ethyl  and  amyl,  which  have  been 
mentioned  in  pages  464  and  473. 

A  chloride  of  phenyl,  C,2H5CI=PylCl,  has  been  produced  by  the 
action  of  peutachloride  of  phosphorus  upon  hydrated  oxide  of  phenyl. 
This  compound,  however,  which  is  a  heavy  oil,  is  but  very  imper- 
fectly known. 

Cyanide  of  phenyl,  C,4HjN=C,2H5C2N=PylCy,  has  not  yet  been 
produced  from  phenyl-alcohol  directly.  The  substance,  however, 
which  has  been  described  under  thd  name  of  benzonitrile  (page  491), 
is  both  by  composition  and  deportment  cyanide  of  phenyl,  perfectly 
analogous  to  cyanide  of  ethyl  (see  page  426).  Boiled  with  potassa 
it  is  converted  into  ammonia  and  benzoic  acid,  cyanide  of  ethyl  fur- 
nishing ammonia  and  propionic  acid.  Starting  from  this  decomposi- 
tion, benzoic  acid  may  be  viewed  as  phenyl-oxalic  acid,  Cj^HjOj, 
HO=C,2Hj,C203,HO,  just  as  propionic  acid  may  be  regarded  as  ethyl- 
oxalic  acid  (see  page  477). 

Hydrated  oxide  of  phenyl  when  treated  with  chloride  of  benzoyl  (see 
page  488)  yields  hydrochloric  acid  and  a  white  fusible  crystalline  com- 
pound which  is  henzoate  of  phenyl,  C,2HjO,C,4H503=PylO,BzO,  ana- 
logous to  henzoate  of  eth3''l.  When  heated  with  ammonia,  phenyl-alco- 
hol yields  aniline,  Ci2H7N=C,2HjH2N=PylH2N  (phenylatnine),  the 
ethylamine  of  the  phenyl-series  (see  page  566). 

The  following  table  gives  a  synopsis  of  the  phenyl -compounds, 
which  have  been  placed  in  juxtaposition  with  the  corresponding  terms 
of  tlie  ethyl-series  : — 


Oxide  of  phenyl  )  -o  r\ 

and  methyl  |  PjlO.MeO  = 

Oxide  of  phenyl  1  o  i/->  *  r\ 

and  ethyl   ^  |  PjlO'^eO  = 

Oxide  of  phenyl  \  r,  ir>  k  ^r\ 

and  amyl  t  PylO,AylO  = 
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Pheuyl-alcohol 
Oxide  of  phe-"! 

nyl-potassa  / 
Sulphophenic  1 

ucid  .     .  / 

Chloride  of  ) 
phenyl    .  J 

Cyanide  of  1 
phenyl  (ben-  \ 
zonitrile)  ) 

Benzoate  of  \ 
phenyl   .  / 

Phenyl-  1 
amine  (ani-  > 
line) .     .  ) 

Phenyl -urea 


PylO,HO  AeO.HO 
PylO.KO  AeO.KO 

PylO,2S03,HO  AeO,2S03,HO 
AeO 

PylCl(?)  AeCl 


Ethyl-alcohol 

Oxide  of  ethyl-potassa 

Sulphovinic  acid 
Oxide  of  ethyl 
Chloride  of  ethyl 

JCyanide  of  ethyl 
\  (propio-nitrile) 


PylCy  AeCy 

PylO.PylCjOs  AeO,Ae,C203  Propionate  of  ethyl 

NH^Pyl  NHjAe  Ethylamine 

CaCHaPyONOa  C2(H3Ae)N0g  Ethyl-urea. 


Chlorophenisic  acid. —  This  is  the  characteristic  and  principal  pro- 
duct of  the  action  of  chlorine  on  hydrate  of  oxide  of  phenyl.  The  pure 
substance  is  not  necessary  for  the  preparation  of  this  body,  those  por-- 
tions  of  crude  coal-oil  which  boil  between  360°— 400°  (182°-2- 
204°-5C)  answering  very  well.  The  oil  is  saturated  with  chlorine, 
and  distilled  in  the  open  air,  the  first  and  last  portions  being  rejected ; 
the  product  is  again  treated  with  chlorine  until  the  whole  solidifies. 
The  crystals  are  drained  and  dissolved  in  hot  dilute  solution  of  am- 
monia ;  on  cooling,  the  sparingly  soluble  chlorophenisate  of  ammonia 
crystallizes  out.  This  is  dissolved  in  pure  water,  decomposed  by 
hydrochloric  acid,  washed,  and,  lastly,  distilled. 

Chlorophenisic  acid  forms  exceedingly  fine,  colourless,  silky  needles, 
which  melt  when  gently  heated ;  it  has  a  very  penetrating,  persistent, 
and  characteristic  odour,  is  verj;  sparingly  soluble  in  water,  but  dis- 
solves freely  in  alcohol,  ether,  and  hot  concentrated  sulphuric  acid. 
It  slowly  sublimes  at  common  temperatures,  and  distils  with  ebulli- 
tion when  strongly  heated.  Chlorophenisic  acid  forms  well-defined 
salts,  and  contains  C,2(H2Cl3)0,H0.  By  the  action  of  a  great  ex- 
cess of  chlorine  an  analogous  acid  richer  in  chlorine  is  formed.  It  is 
called  chlorophenusio  acid,  and  contains  Ci2Cl50,H0.  Bromophenisic 
acid  is  prepared  by  analogous  means,  and  possesses  a  constitution  and 
character  greatly  resembling  those  of  the  chlorine-compound. 

Nitrophemsic  acid.  —  On  distilling  phenyl-alcohol  with  very 
dilute  nitric  acid,  beautiful  yellow  needles  are  obtained,  soluble  in 
ammonia  and  potassa,  and  yielding  a  beautiful  red  silver-salt.  This 
substance  is  nitrophenasic  acid,  Cj2H4N05,H0  =  C,2(H^N04)0,H0. 
Nitrophenesic  and  nitrophenisic  acids  may  be  prepared  directly 
from  the  oil  which  is  employed  in  the  preparation  of  chlorophenisic 
acid.    The  oil  is  carefully  mixed  in  a  large  open  vessel  with  rather 
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more  than  its  own  weight  of  ordinary  nitric  acid.  The  action  is  very 
violent.  The  brownish-red  substance  produced  is  slightly  washed 
with  water,  then  boiled  with  dilute  ammonia,  and  filtered  hot.  A 
brown  mass  remains  on  the  filter,  which  is  preserved  to  prepare  ni- 
trophenisic  acid,  and  the  solution  deposits  on  cooling  a  very  impui'e 
ammoniacal  salt  of  nitrophenesic  acid,  which  requires  several  succes- 
sive crystallizations,  after  which  it  is  decomposed  by  nitric  acid  and 
the  product  crystallized  from  alcohol. 

Nitrophenesic  acid  forms  blonde-coloured  prismatic  crystals,  very 
sparingly  soluble  even  in  boiling  water,  but  freely  soluble  in  alcohol. 
It  has  no  odour.  Its  taste,  at  first  feeble,  becomes  after  a  short  time 
very  bitter.  At  219°  (104°C)  it  melts,  and  on  cooling  crystallizes. 
In  very  small  quantity  it  may  be  distilled  without  decomposition, 
but  when  briskly  heated  it  often  detonates,  but  not  violently.  The 
salts  of  this  acid  are  yellow  or  orange  and  very  beautiful ;  they  are 
mostly  soluble  in  water,  and  detonate  feebly  when  heated.  The 
acid  contains  C,2HgN209,H0=C,2H3(N04)20,H0.  Nitroplienisic 
acid  is  identical  with  picric  or  carbazotic  acid  (see  page  585).  It 
may  be  prepared  with  great  economy  ft-om  impure  nitrophenesic  acid, 
or  from  the  brown  mass  insoluble  in  dilute  ammonia  already  referred 
to.  It  is  purified  by  a  process  similar  to  that  employed  in  the  case 
of  the  preceding  substances.  Nitrophenisic  acid  contains  Ci^HgNg 
0,3,H0  =  Cis,H2(N0,)30,H0.* 

The  following  table  exhibits  the  relation  of  these  substitution-pro- 
ducts : — 

Phenyl-alcohol  C,2  H5  0,HO  =  PhenoI. 

Chlorophenisic  acid  Ci2(H2Cl3)  0,HO=Triclilorophenol 

Nitrophenasic  acid  Ci2(H4N04)  0,HO  =  Nitrophenol 

Nitrophenesic  acid  C,3(H3[N04]2)  0,HO  =  Binitrophenol 

Nitrophenisic  acid  CiaCH^CNOJg)  0,HO  =  Trinitrophenol. 

The  neutral  portion  of  coal-tar  naphtha,  consists  of  a  great  variety 
of  hydrocarbons,  partly  liquid,  partly  solid.  The  liquid  hydrocar- 
bons have  been  already  described  (see  pages  486  and  494).  They 
are  chiefly  benzol,  toluol,  xylol,  cumol,  and  cymol.^  The  solid  hy- 
drocarbons are  naphthalin  and  paranaphthalin,  together  with  several 
similar  substances  less  perfectly  known. 

Naphthalin. — When,  in  the  distillation  of  coal-tar,  the  last  por- 
tion of  the  volatile  oily  product  is  collected  apart  and  left  to  stand,  a 
quantity  of  solid,  crystalline  matter  separates,  which  is  principally 
composed  of  the  substance  in  question.  An  additional  quantity  may 
be  obtained  by  pushing  the  distillation  until  the  contents  of  the  vessel 

*  Ann.  Cbim.  et  Phys.  3rd  series,  iii.  195. 

f  The  same  hydrocarbons  have  been  lately  found  by  M.  Cahours  in  the 
oily  liquid  precipitated  by  water  from  commercial  wood-spuit  (see  page 
472). 
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begin  to  char ;  the  naphthalin  then  condenses  in  the  solid  state,  but 
dark-coloured  and  yery  inapure.  By  simple  sublimation,  once  or  twice 
repeated,  it  is  obtained  perfectly  white.  In  this  state  naphthalin  forms 
large,  colourless,  transparent,  brilliant,  crystalline  plates,  exhaling 
a  faint  and  peculiar  odour,  which  has  been  compared  to  that  of  the 
narcissus.  Naphthalin  melts  at  176°  (80°C)  to  a  clear,  colouidess 
liquid,  which  crystallizes  on  cooling;  it  boils  at  413°  (211°'6C),  and 
evolves  a  vapour  whose  density  is  i'528.  When  strongly  heated  in 
the  air,  it  inflames  and  burns  with  a  red  and  very  smoky  light.  It 
is  insoluble  in  cold  water,  but  soluble  to  a  slight  degree  at  the  boiling 
temperature  ;  alcohol  and  ether  dissolve  it  easily ;  a  hot  saturated 
alcoholic  solution  deposits  fine  iridescent  crystals  on  cooling. 

Naphthalin  is  found  by  analysis  to  contain  CioIl4  or  CgoHg. 

Naphthalin  dissolves  in  warm  concentrated  sulphuric  acid,  forming 
a  red  liquid,  which,  when  diluted  with  water,  and  saturated  with  cai'- 
bonate  of  baryta,  yields  salts  of  at  least  two  distinct  acids,  analogous 
to  sulphovinic  acid.  One  of  these,  the  sulphonaphthalic  acid  of  Mr. 
Faraday,  crystallizes  fi-om  a  hot  aqueous  solution  in  small  white  scales, 
which  are  but  spai'ingly  soluble  in  the  cold.  The  free  acid  is  obtained 
in  the  usual  manner  by  decomposing  the  baryta-salt  with  sulphuric 
acid ;  it  fornis  a  colourless,  crystalline,  brittle  mass,  of  acid,  metallic 
taste,  very  deliquescent,  and  veiy  soluble  in  water.  The  second 
baryta-salt  is  still  less  soluble  than  the  preceding.  The  composition 
of  sulphonaphthaUc  acid  is  CjoHySgOj^HO. 

Fuming  nitric  acid  at  a  high  temperature  attacks  naphthalin  ;  the 
products  are  numerous,  and  have  been  attentively  studied  by  M.  Lau- 
rent. The  same  chemist  has  described  a  long  series  of  curious  pro- 
ducts of  the  action  of  chlorine  on  naphthalin.  Nitric  acid  gives 
rise  to  a  great  number  of  nitro-substitutes,  the  most  interesting  of 
which  is  the  compound  known  by  the  name  nitronaphthalase,  which, 
when  submitted  to  Zinin's  process,  is  converted  into  naphthalidine 
(see  page  571).  Among  the  derivatives  of  naphthalin,  a  compound 
deserves  to  be  mentioned,  which  has  been  described  under  the  name 
of  phthalic  acid.  This  acid  has  not  yet  been  produced  directly  from 
naphthalin,  but  may  be  obtained  by  boiling  one  of  the  products  of 
the  action  of  chlorine  upon  naphthalin,  namely,  the  tetrachloride  of 
naphthalin  (CgoHgCl^)  with  nitric  acid.  The  same  substance  is 
formed  by  submitting  alizarin  to  the  action  of  nitric  acid. 

Phthalic  acid  crystallizes  in  yellow  plates,  it  is  but  slightly  soluble 
in  cold  water,  but  dissolves  freely  in  alcohol  and  ether.  Phthalic 
acid  is  bibasic,  and  contains  C^^gRfi^,2YlO  :  when  heated  it  loses  2  eq. 
of  water,  and  becomes  CigH^Oe.  Treated  with  fuming  nitric  acid 
it  yields  a  nitro-acid,  nitro-phthalic  acid,  C,e(H3N04)  Og,  2H0. 
When  distilled  with  baryta  it  is  converted  into  benzol :   ' 

C^BHB08-|-4BaO  =  4(BaO,C02)-fCi2He 

Phthalic  acid.  B^il^ 
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Tlie  fomiation  of  phthalic  acid  from  alizarin  has  established  a  most 
interesting  connection  between  the  naphthalin-  and  alizarin-series.  It 
would  be  of  great  interest  if  naphthalin,  which  is  produced  in  enor- 
mous quantities  in  the  manufacture  of  coal-gas,  but  has  not  yet  found 
any  useful  application,  could  be  converted  by  chemical  processes  into 
alizarin.  That  there  is  a  hope  of  such  a  conversion  being  possible,  is 
even  now  pointed  out  by  the  close  analogy  of  one  of  the  chlorine- 
products  of  naphthalin,  of  chloronaphthalic  acid,  both  in  composition 
and  properties  with  alizarin.  This  substance  contains  C2o(H3Cl)06, 
and  may  be  viewed  as  chloralizarin  : — 

Alizarin  Cgo 

Chloronaphthalic  acid  .        .        .  Cgo(H5Cl)Oe. 

Chloronaphthalic  acid  produces  most  beautifully  coloured  com- 
pounds with  the  metallic  oxides. 

The  history  of  the  fonnation  of  naphthalin  is  rather  interesting  ;  it 
is  perhaps  the  most  stable  of  all  the  more  complex  compounds  of  car- 
bon and  hydi'ogen  :  in  a  vessel  void  of  free  oxygen  it  may  be  heated 
to  any  extent  without  decomposition ;  and,  indeed,  where  other  car- 
bides of  hydrogen  are  exposed  to  a  very  high  temperature,  as  by  passing 
in  vapour  through  a  red-hot  porcelain  tube,  a  certain  quantity  of  naph- 
thalin is  almost  invariably  produced.  Hence  its  presence  in  coal  and 
other  tar  is  mainly  dependent  upon  the  temperature  at  which  the  de- 
structive distillation  of  the  organic  substance  has  been  conducted. 
Lampblack  very  frequently  contains  naphthalin  thus  accidentally 
produced. 

Paranaphthalin. — This  substance  occurs  in  the  naphthalin  of 
coal-tar,  and  is  separated  by  the  use  of  alcohol,  in  which  ordinaiy 
naphthalin  is  freely  soluble,  whilst  paranaphthalin  is  almost  totally  in- 
soluble ;  in  other  respects  it  much  resembles  naphthalin.  The  crystals 
obtained  by  sublimation  are,  however,  usually  smaller  and  less  dis- 
tinct. It  melts  at  356°  (180°C),  and  boils  at  570°  (299°C),  or  above. 
Its  best  solvent  is  oil  of  turpentin.  Paranaphthalin  has  the  same 
composition  as  naphthalin  itself ;  the  density  of  its  vapour  is,  how- 
ever, different,  viz.  6'741.  Its  composition  may  be  represented  by 
the  formula  CaoHjj. 


PETEOLEUM,  NAPHTHA,  AND  OTHER  ALLIED  SUBSTANCES. 

Pit-coal,  lignite  or  brown  coal,  jet,  bitumen  of  various  kinds,  petro- 
leum or  rock-oil,  and  naphtha,  and  a  few  other  allied  substances  more 
rarely  met  with,  are  looked  upon  as  products  of  the  decomposition  of 
organic  matter,  especially  vegetable  matter,  beneath  the  surface  of  the 
earth,  in  situations  where  the  conditions  of  contact  with  water,  and 
nearly  total  exclusion  of  atmospheric  air,  are  fulfilled.  Deposited  at 
the  bottom  of  seas,  lakes,  or  rivers,  and  subsequently  covered  up  by 
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accumulations  of  clay  and  sand,  hereafter  destined  to  become  sliale 
and  gritstone,  the  organic  tissue  undergoes  a  kind  of  fermentation 
by  which  the  bodies  Tn  question,  or  certain  of  them,  are  slowly  pro- 
duced. Carbonic  acid  and  light  carbonetted  hydrogen  are  by-products 
of  the  reaction  ;  hence  their  frequent  disengagement,  the  first  from 
beds  of  lignite,  and  the  second  from  the  farther  advanced  and  more 
perfect  coal. 

The  vegetable  origin  of  coal  has  been  placed  beyond  doubt  by 
microscopic  research  ;  vegetable  structure  can  be  thus  detected  even 
in  the  most  massive  and  perfect  varieties  of  coal  when  cut  into  thin 
slices.  In  coal  of  inferior  quality,  much  mixed  with  earthy  matter, 
it  is  evident  to  the  eye.  The  leaves  of  ferns,  reeds,  and  other  succu- 
lent plants,  more  or  less  resembling  those  of  the  tropics,  are  found  in 
a  compressed  state  between  the  layers  of  shale  or  slaty  clay,  pre- 
served in  the  most  beautiful  manner,  but  entirely  converted  into  bitu- 
minous coal.  The  coal-mines  of  Europe,  and  particularly  those  of 
our  own  country,  furnish  an  almost  complete  fossil  flora ;  a  history  of 
many  of  the  now  lost  species  which  once  decorated  the  surface  of  the 
earth. 

In  the  lignites  the  woody  structure  is  much  more  obvious.  Beds  of 
this  material  are  found  in  very  many  of  the  newer  strata,  above  the 
true  coal,  to  which  they  are  consequently  posterior.  As  an  article  of 
fuel,  brown-coal  is  of  comparatively  small  value ;  it  resembles  peat, 
giving  but  little  flame  and  emitting  a  disagreeable,  pungent  smell. 

Jet,  used  for  making  black  ornaments,  is  a  variety  of  lignite. 

The  true  bitumens  are  destitute  of  all  organic  structure  :  they  ap- 
pear to  have  arisen  from  coal  or  lignite  by  the  action  of  subterranean 
heat ;  and  very  closely  resemble  some  of  the  products  yielded  by  the 
destructive  distillation  of  those  bodies.  They  are  very  numerous, 
and  have  yet  been  but  imperfectly  studied. 

1.  Mineral  pitch,  or  compact  bitumen,  the  asphaltum  or  Jew's  pitch 
of  some  authors. — This  substance  occurs  abundantly  in  many  parts  of 
the  world;  as,  in  the  neighbourhood  of  the  Dead  Sea  in  Judea;  in 
Trinidad,  in  the  famous  pitch  lake,  and  elsewhere.  It  genei-ally  re- 
sembles in  aspect  common  pitch,  being  a  little  heavier  than  water, 
easily  melted,  very  inflammable,  and  burning  with  a  red,  smoky 
flame.  It  consists  principally  of  a  substance  called  by  M,  Boussingault 
asphaltene,  composed  of  CaoHjgOg.  It  is  worthy  of  remark,  that 
M.  Laurent  found  paranaphthalin  in  a  native  mineral  pitch. 

2.  Mineral  tar  seems  to  be  essentially  a  solution  of  asphaltene  in 
an  oily  fluid  called  pctrolene.  This  has  a  pale  yellow  colour  and 
peculiar  odour ;  it  is  lighter  than  water,  very  comhustible,  and  has  a 
high  boiling-point.  It  has  the  same  composition  as  the  oils  of  tur- 
pentin  and  lemon-peel,  namely  CioHg.  Asphaltene  contains,  conse- 
quently, the  elements  of  petrolene,  together  with  a  quantity  of  oxy- 
gen, and  probably  arises  from  the  oxidation  of  that  substance. 

3.  Elastic  bitumen ;  mineral  caoutchouc.r—lhis  curious  substance 
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has  only  been  found  in  three  places :  in  a  lead-mine  at  Castleton,  in 
Derbyshire ;  at  Montrelais,  in  France ;  and  iu  the  state  of  Massa- 
chusetts. In  the  two  latter  localities  it  occurs  in  the  coal-series.  It 
is  fusible,  and  resembles  in  many  respects  the  other  bitumens. 

Under  the  names  petroleum  and  naphtha  are  arranged  various 
mineral  oils  which  are  observed  in  many  places  to  issue  from  the 
earth,  often  in  considerable  abundance.  There  is  every  reason  to 
suppose  that  these  owe  their  origin  to  the  action  of  internal  heat  upon 
beds  of  coal,  as  they  are  usually  found  in  connection  with  such.  The 
term  naphtha  is  given  to  the  thinner  and  purer  varieties  of  rock-oil, 
which  are  sometimes  nearly  colourless ;  the  darker  and  more  viscid 
liquids  bear  the  name  of  petroleum. 

Some  of  the  most  noted  localities  of  these  substances  are  the  fol- 
lowing : — The  north-west  side  of  the  Caspian  Sea,  near  Baku,  where 
beds  of  marl  are  found  saturated  with  naphtha.  Wells  are  sunk  to 
the  depth  of  about  30  feet,  in  which  naphtha  and  water  collect,  and 
are  easily  separated.  In  some  parts  of  this  district  so  much  com- 
bustible gas  or  vapour  rises  from  the  ground,  that  when  set  on  fire,  it 
continues  burning,  and  even  affords  heat  for  economical  pui-poses.  A 
large  quantity  of  an  impure  vai-iety  of  petroleum  comes  from  the 
Birman  territory  in  the  East  Indies  :  the  country  consists  of  sandy 
clay,  resting  on  a  series  of  alternate  strata  of  sandstone  and  shale. 
Beneath  these  occurs  a  bed  of  pale-blue  shale  loaded  with  petroleum, 
which  lies  immediately  on  coal.  A  petroleum-spring  exists  at  Cole- 
brook  Dale,  in  Shropshire.  The  sea  near  the  Cape  de  Verd  Islands 
has  been  seen  covered  with  a  film  of  rock-oil.  The  finest  specimens 
of  naphtha  are  furnished  by  Italy,  where  it  occurs  in  several  places. 

In  proof,  of  the  origin  attributed  to  these  substances,  an  experi- 
ment of  Dr.  Reichenbach  may  be  cited,  who,  by  distilling  with  water 
about  100  lbs.  of  pit-coal,  obtained  nearly  2  ounces  of  an  oily  liquid 
exactly  resembling  the  natural  naphtha  of  Amiano,  in  the  Duchy  of 
Parma. 

The  variations  of  colour  and  consistence  in  different  specimens  of 
these  bodies  certainly  depends  in  great  measure  upon  the  presence  of 
pitchy  and  fatty  substances  dissolved,  in  the  more  fluid  oil.  Dr. 
Gregory  found  paraffin  in  petroleum  from  Rangoon. 

The  boiling-point  of  rock-oil  varies  from  about  180°  to  near  600° 
(82°-2  to  .S15°-5C).  A  thermometer  inserted  into  a  retort  in  which 
the  oil  is  undergoing  distUlation,  never  shows  for  any  length  of  time 
a  constant  temperature :  hence  it  is  inferred  to  be  a  mixture  of 
several  different  substances.  Neither  do  the  different  varieties  of 
naphtha  give  similar  results  on  analysis :  they  are  all,  however, 
carbides  of  hydrogen.  The  use  of  these  substances  in  the  places 
where  they  abound  is  tolerably  extensive  ;  they  often  serve  the  inha- 
bitants for  fuel,  light,  &c.  To  the  chemist  pure  naphtha  is  valuable, 
as  offering  facilities  for  the  preservation  of  the  more  oxidable  metals, 
as  potassium  and  sodium. 
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The  following  are  of  rarer  occurrence  : — 

Retinite,  or  Setinasphalf,  is  a  kind  of  fossil  resin  met  mth  in 
brown  coal ;  it  has  a  yellow  or  reddish  colour,  is  fusible  and  inflam- 
mable, and  readily  dissolved  in  great  part  by  alcohol.  The  soluble 
portion  has  been  called  retinic  acid  by  Prof.  Johnston.  Hatchetin  is 
a  somewhat  similar  substance  met  with  in  mineral  coal  at  Merthyr- 
Tydvil,  and  also  near  Loch  Fyne,  in  Scotland.  Idrialin  is  found 
associated  with  native  cinnabar,  and  is  extracted  from  the  ore  by  oil 
of  turpentin,  in  which  it  dissolves.  It  is  a  white,  crystalline  sub- 
stance, scarcely  volatile  without  decomposition,  but  slightly  soluble 
in  alcohol  and  ether,  and  composed  of  C42Hi40  ;  it  is  generally  asso- 
ciated with  a  hydrocarbon  idryl,  which  contains  C42H14. 

Ozokerite,  or  fossil  wax,  is  found  in  Moldavia,  in  a  layer  of  bitu- 
minous shale ;  it  is  brownish,  and  has  a  somewhat  pearly  appearance ; 
it  is  fusible  below  212°  (100°C),  and  soluble  with  difficulty  in  alcohol 
and  ether,  but  easily  in  oil  of  turpentin.  It  appears  to  contain  more 
than  one  definite  principle. 


POSTSCRIPT. 


ACETATE  OF  ALUMINA  AND  ALUMINA. 

While  the  preceding  pages  were  passing  through  the  press,  some 
very  interesting  researches  on  acetate  of  alumina,  have  been  published 
by  Mr.  W.  Crum.* 

Acetate  of  alumina  (see  page  453)  is  generally  prepared  by  decom- 
posing sulphate  of  alumina  AlgOgjSSOg,  a  salt  now  manufactured  on 
a  large  scale  under  the  name  of  concenti'ated  alum,  by  means  of  acetate 
of  lead.  The  solution  may  be  supposed  to  contain  the  neutral  acetate 
of  alumina  AlgOgjSC^HgOg.  This  salt  cannot,  however,  be  obtained  in 
the  dry  state.  If  the  solution  be  rapidly  evaporated  at  low  tempera- 
tures, by  being  spread  in  thin  layers  on  glass  or  porcelain,  a  basic  soluble 
acetate  is  obtained,  having  the  composition  Al203,2C4Hg03+4H0, 
but  if  the  solution  be  left  to  stand,  or  submitted  to  the  action  of  heat, 
insoluble  basic  salts  are  precipitated,  differing  in  composition  from  the 
former  only  by  containing  instead  of  4  eq.  of  water  either  2  or  5  eq. 

The  soluble  acetate  of  alumina,  when  exposed  in  a  dilute  solution  to 
the  temperature  of  boiling  water  for  several  days,  undergoes  a  very 
remarkable  change.  The  whole,  or  nearly  the  whole,  of  the  acetic  acid 
is  expelled  by  the  action  of  heat,  and  a  peculiar  allotropic  modifica- 
tion of  alumina  remains  in  solution.  At  the  temperature  of  boiUng 
water  this  alumina  retains  2  eq.  of  water  ;  it  entirely  re-dissolves  in 
water.  The  soluble  modification  of  alumina  is  instantaneously  co- 
agulated by  mineral  and  vegetable  acids,  by  the  alkalies,  and  by  a 
gi-eat  number  of  salts. 


*  Chem.  Sec.  Quar.  Jour.  vi.  216. 
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HYDROMETER  TABLES. 


COMPARISON  OF  THE  DEGREES  OF  BAUME'S  HYDROMETER  WITH 
THE  REAL  SPECIFIC  GRAVITIES. 


1.  For  Liquids  heavier  than,  Water. 


Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

0 

1-000 

26 

1-206 

52 

1-520 

1 

1-007 

27 

1-216 

53 

1-535 

2 

1-013 

28 

1-225 

54 

1-551 

3 

1-020 

29 

1  •  235 

55 

1-567 

4 

1-027 

30 

1-245 

56 

1-583 

5 

1-034 

31 

1-256 

57 

1-600 

6 

1-041 

32 

1-267 

58 

1-617 

7 

1-048 

33 

1-277 

59 

1-634 

8 

1-056 

34 

1-288 

60 

1-652 

9 

1-063 

35 

1-299 

61 

1-670 

10 

1-070 

36 

1-310 

62 

1-689 

11 

1-078 

37 

1-321  . 

63 

1-708 

12 

1-085 

38 

1-333 

64 

1-727 

13 

1-094 

39 

1-345 

65 

1-747 

14 

1-101 

40 

1-357 

66 

1-767 

15 

1-109 

41 

1-369 

67 

1-788 

16 

1-118 

42 

1-381 

68 

1-809 

17 

1-126 

43 

1-395 

69 

1-831 

18 

1-134 

44 

1-407 

70 

1-854 

19 

1-143 

45 

1-420 

71 

1-877 

20 

1-152 

46 

1-434 

72 

1-900 

21 

1-160 

47 

1-448 

78 

1-924 

22 

1-169 

48 

1-462 

74 

1-949 

23 

1-178 

49 

1-476 

75 

1-974 

24 

1-188 

50 

1-490 

76 

2-000 

25 

1-197 

51 

1-495 
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2.  Baume's  Hydrometer  for  Liquids  lighter  than  Water. 


1 

Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

10 

1-000 

27 

0-896 

44 

0-811 

11 

0-993 

28 

0-890 

45 

0-807 

12 

0-986 

29 

0-885 

46 

0-802 

13 

0-980 

30 

0-880 

47 

0-798 

1  A 

0  97  C) 

Q1 

A  ,  Q^A 

U  o  1 4- 

15 

0-967 

32 

0-869 

49 

0-789 

16 

0-960 

33 

0-864 

50 

0-785 

17 

0-954 

34 

0-859 

51 

0-781 

18 

0-948 

35 

0-854 

52 

0-777 

19 

0-942 

36 

0-849 

53 

0-773 

20 

0-936 

37 

0-844 

54 

0-768 

21 

0-930 

38 

0-839 

55 

0-764 

22 

0-924 

39 

0-834 

56 

0-760 

23 

0-918 

40 

0-830 

57 

.  0-757 

24 

0-913 

41 

0-825 

58 

0-753  . 

25 

0-907 

42 

0-820 

59 

0-749 

26 

0-901 

43 

0-816 

60 

0-745 

These  two  tables  are  on  the  authority  of  M.  Francceur ;  they  are 
taken  from  the  Handwdrterbuch  der  Chemie  of  Liebig  and  PoggendorfF. 
Baumfe's  hydrometer  is  very  commonly  used  on  the  Continent,  espe- 
cially for  liquids  heavier  than  water.  For  lighter  liquids  the  hydro- 
meter of  Cartier  is  often  employed  in  France.  Cai-tier's  degrees  differ 
but  little  from  those  of  Baume. 

In  the  United  Kingdom  Twaddell's  hydrometer  is  a  good  deal 
used  for  dense  liquids.  This  instrument  is  so  graduated  that  the 
real  sp.  gr.  can  be  deduced  by  an  extremely  simple  method  from  the 
degree  of  the  hydrometer,  namely,  by  multiplying  the  latter  by  5, 
and  adding  1000;  the  sum  is  the  sp.  gr.,  water  being  1000.  Thus 
10°  Twaddell  indicates  a  sp.  gr.  of  1050,  or  1-05  :  90°  Twaddell 
1450,  or  1-45.  ' 

In  the  Customs  and  Excise  Sikes'  hydrometer  is  used. 
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OF  DR.  DALTON's  TABLE  OP  THE  ELASTIC  FORCE  OP  VAPOUR  OF 
WATER  AT  DIFFERENT  TEMPERATURES,  EXPRESSED 
IN  INCHES  OP  MERCURY. 


Temperature. 


Kah,  Cent. 


32° 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 


0°-0 

0°-55 

1°-1 

l°-66 

2°-2 

2°-77 

3°-3 

3°-88 

4°-4 

5° 

5° -55 
6°-l 
6°-66 
7°-2 
7° -77 
8°-3 
8°-88 
9°-4 
10° 

10° -.55 

11°-1 

ll°-66 

12°-2 

12°-77 

13°- 3 


Force. 


•200 
•207 
•214 
•221 
•229 
•237 
•245 
•254 
•263 
•273 
•283 
•294 
•305 
•316 
•328 
•339 
•351 
•363 
•375 
•388 
•401 
•415 
•429 
•443 
•458 


Temperature. 


Fah, 


57° 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 


Cent. 


13°^ 88 
140.4 

15° 

15°^5 

16°^1 

16°^66 

170.2 

17°^77 
18°-3 
18°^88 
19°^4 

20° 

20°^55 

21°  •I 

21°^66 

22°^  2 

22°^ 77 

23°  •  3 

23°^88 
240.4 

25° 
25°  •  5 
26°^1 
26°^66 
29°-44 


Force. 


0^474 
0^490 
0^507 
0^524 
0-542 
0-560 
0-578 
0^597 
0-616 
0-635 
0-665 
0-676 
0-698 
0-721 
0-745 
0-770 
0-796 
0-823 
0-851 
0^880 
0^910 
0^940 
©•971 
1^000 
1^170 


Temperature. 


Fah. 


90° 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
160 
170 
180 
190 
200 
210 
212 
220 
230 
240 
250 
300 


Cent. 


32°  •  2 

35° 

370.77 

40°  •  5 
43°  •  3 
46°  •I 
48°^88 
51°^66 
54°  •  4 
57°^2 
60° 

62°- 77 

65°- 5 

71°-1 

76°-66 

82°-2 
870.77 

93°  •  3 
98°^88 

100° 

1040.4 

110° 
115°-5 
121°-1 
148° -88 
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TABLE 


of  the  proportion  by  weight  of  absolute  or  real  alcohol 
in  100  parts  of  spirits  of  different  specific  gravities, 
(fownes.) 


bD  _! 

1  a 

Sd  Or  at  fin" 

Sn  fir  at  fin° 

tj^t  yjix*  till  uu 

(I5°-5C). 

GJ  f-i  O 

O  o 

(i  O  J 
n .  ~ 

(15°-5C). 

S  >-  g 

(15»-5C). 

Of  u  o 
O  Cm  ^ 

0-9991 

0-5 

0-9511 

34 

0-8769 

68 

0-9981 

1 

0-9490 

35 

0-8745 

69 

0-9965 

2 

0-9470 

36 

0-8721 

70 

0-9947 

3 

0-9452 

37 

0-8696 

71 

0-9930 

4 

0-9434 

38 

0-8672 

72 

0-9914 

5 

0-9416 

39 

0-8649 

73 

0-9898 

6 

0-9396 

40 

0-8625 

74 

0-9884 

7 

0-9376 

41 

0-8603 

75 

0-9869 

8 

0-9356 

42 

0-8581 

76 

0-9855 

9 

0-9335 

43 

0-8557 

77 

0-9841 

10 

0-9314 

44 

0-8533 

78 

0-9828 

11 

0-9292 

45 

0-8508 

79 

0-9815 

12 

0-9270 

46 

0-8483 

80 

0-9802 

13 

0-9249 

47 

0-8459 

81 

0-9789 

14 

0-9228 

48 

0-8434 

82 

0-9778 

15 

0-9206 

49 

0-8408 

83 

0-9766 

16 

0-9184 

50 

0-8382 

84 

0-9753 

17 

0-9160 

51 

0-8357 

85 

0-9741 

18 

0-9135 

52 

0-8331 

86 

0-9728 

19 

0-9113 

53 

0-8305 

87 

0-9716 

20 

0-9090 

54 

0-8279 

88 

0-9704 

21 

0-9069 

55 

0-8254 

89 

0-9691 

22 

0-9047 

56 

0-8228 

90 

0-9678 

23 

0-9025 

57 

0-8199 

V  JL 

0-9665 

24 

0-9001 

58 

0-8172 

92 

0-9652 

25 

0-8979 

59 

0-8145 

93 

0-9638 

26 

0-8956 

60 

0-8118 

94 

0-9623 

27 

0-8932 

61 

0-8089 

95 

0-9609 

28 

0-8908 

62 

0-8061 

96 

0-9593 
0-9578 

29 
30 

0-8886 
0-8363 

63 
64 

0-8031 
0-8001 

97 
98 

0-9560 

31 

0-8840 

65 

0-7969 

99 

0-9544 
0-9528 

32 
33 

0-8816 
0-8793 

66 
67 

0-7938 

100 
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OF  THE  PRINCIPAL  MINERAL  WATERS  OF  GERMANY 


Grains  of  Anhydrous 

Schlesischer. 

Ingredients  in 

Carlsbad. 

Ems. 

Obersalz- 

One  Pound  Troy. 

Brunnen. 

Carbonate  or  ooda  , 

rj  .  071  O 

O ■ ACO  C 

Ultto  01  l/itiiia 

U  UioU 

U  U4:U0 

Ultto  ot  x>aryta 

A • AAOO 

i-ziLto  01  oLrontia     ,  , 

A • AAQA 

0-0170 

Ditto  of  Lime . 

1  '  '7'7'7  K 
L'  i  (  iO 

A  ,  Q  c  e  EC, 

1  -  5464 

Ditto  of  Magnesia  , 

1  • n07  K 

1        /  0 

U  oy  lo 

1-5496 

Ditto  (Proto)  of  Manganese 

U  UU4rC$ 

A • AAOQ 

0-0026 

jJitto  (xFOtoj  01  lion 

n • AOAQ 

K)  UZUo 

A • A1 OA 

0-0356 

0*  0012 

Ditto  of  Alumina     .  , 

A  •  AA1  A. 

0-3160  1 

Sulphate  of  Potassa  , 

l-'itto  or  ooaa  . 

2-5106 

-Ultto  or  Liitoia  . 

•  • 

Ditto  of  Lime, 

i/itto  or  otroDtia 

•  • 

Ditto  of  Magnesia    .  . 

*  * 

Nitr,  of  Magnesia    .  . 

•  • 

Chlor.  of  Ammonium 

0-0164 

Ditto  of  Potassium  . 

A*  O^^ft 

j 

iJitto  or  oodium 

0    f  ZOO 

0-8682 

L/itto  or  Ajitnium      .  . 

•  • 

Ditto  01  Lalcium 

Ditto  of  Magnesium  . 

Ditto  of  Barium 

Ditto  or  btrontium  . 

Bromide  of  Sodium  . 

0-0051 

Iodide  of  Sodium 

Fluoride  of  Calcium. 

0  01o4: 

A . aai a 

Alumina 

Silica  .... 

0*4329 

A  •  O  1  A/( 

0-2423 

Total  . 

31-4606 

16-0525 

14-7309 

Carbonic  Acid  Gas  in  100  \ 

58 

opiUu.  ibo 

51 

98 

cubic  inches        .  j 

1 

(73°- 8C) 
JNeuD.  loo 

TTi^cc    1 1  7O 

ivess.  i  I  * 

Temperature  . 

(58°- 8C) 
Miihl.  128° 

(53°-3C) 
Ther.  122° 

(47°- 2C) 
Ki-iin.  84° 
(28°- 8C) 

58°(14°-5C) 

(50°C) 

Struve. 

Analyzed  by  . 

Berzelius. 

Stnive. 

TABLE  OF  ANALYSES  673 


AND  OF  THE  SARATOGA  CONGRESS  SPRING  OF  AMERICA. 


Saratoga 
Congress 
Spring. 

Klssingeu. 
Ragozi. 

Marienbad. 
Kreutbr. 

Auschowitz. 
Ferdinands- 
Brunnen. 

Eger. 
Frauzens- 
Bruunen. 

0-8261 

5-3499 
0-0858 

4-5976 
0-0507 

3-8914 
0-0282 

0-0672 
5-8531 
4-1155 
0-0202 
0-0173 

0-1379 

0-  0592 

4-  8180 

1-  3185 
0-0121 
0-1397 

1  -  2540 

5-  5485 

0-0028 
2-9509 
2-0390 
2-0288 
0-1319 

28-5868 

0-0040 
3-0085 
2-2867 
0-0692 
0-2995 

0-0040 

16-9022 

0-  0023 

1-  3501 
0-5040 
0-0322 
0-1762 
0-0172 
0-0092 

18-3785 

0-1004 

0-  0326 

1-  6256 
19-6653 

0-0364 
39-3733 

3-6599 

10-1727 

,  , 

6-7472 

6-9229 

0-1G13 
0-0046 

0-3331 

0-0069 
0-1112 

0-1609 

0-0023 
0-2908 

0-5023 

0-3548 

32-7452 
114 

56-7136 

96 

51-6417 
105 

146 

ol  6670 
154 

50°  (10°C) 

53°  (11°-6C) 

53°  (11°- 6C) 

49° (9° -50) 

54°(12°-2C) 

Schweitzer 

Stnive.  j 

Berzelius, 

Steinmann, 

Berzelius. 

2x 
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OF  THE    PRINCIPAL  MINERAL  WATERS  OF  GERMANY  AND 


Grains  of  Anhydrous 
Ingredients  in 
One  Pound  Troy. 


Carbonate  of  Soda 

Ditto  of  Lithia 

Ditto  of  Baryta 

Ditto  of  Strontia 

Ditto  of  Lime . 

Ditto  of  Magnesia 

Ditto  (Proto)  of  Manganese 

Ditto  (Proto)  of  Iron 

Sub-Pbos.  of  Lime  . 

Ditto  of  Alumina 

Sulphate  of  Potassa  . 

Ditto  of  Soda  . 

Ditto  of  Lithia 
Ditto  of  Lime. 
Ditto  of  Strontia 
Ditto  of  Magnesia  . 
Nitr.  of  Magnesia 
Chlor.  of  Ammonium 
Ditto  of  Potassium  . 
Ditto  of  Sodium 
Ditto  of  Lithium 
Ditto  of  Calcium 
Ditto  of  Magnesium . 
Ditto  of  Barium 
Ditto  of  Strontium'  . 
Bromide  of  Sodium  . 
Iodide  of  Sodium 
Fluoride  of  Calcium . 
Alumina 
Silica  . 

Total  . 


Carbonic  Acid  Gas  in  100  \ 
cubic  inches        .  / 


Temperature  (F.) 


Analyzed  by 


Pyrmont. 


4-  7781 

0-0364 
0-3213 

0-0110 

0-  0314 

1-  6092 
0-0067 

5-  0265 
0-0154 

2-  3684 


0-8450 


0-3727 


15-4221 


160 


56°(13°-3C) 


Struve. 


Spa 
Pouhon. 


0-5531 


0-7387 
0-8421 
0-0389 
0-2813 
0-0102 
0-0064 
0-0593 
0-0281 


Fachingen. 


0-3371 


0-3739 


12-3328 


1-8667 
1-2983 


0-0061 
0-1267 


3-2337 


0-0657 


3-2691  18-9300 


136 


50°  (10°C) 


Struve. 


135 


50°(10°C) 


Bischt)ff. 
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Sellers. 


4-6162 
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WEIGHTS  AND  MEASURES. 


480  "0  grains  Troy  =  1  oz.  Troy. 

437  '5  ,,  =  1  oz.  Avoirdupoids. 
7000-0  ,,  =  1  lb.  Avoirdupoids. 
5760-0        „        =  1  lb.  Troy. 


The  imperial  gallon  contains  of  water  at  60°(lo°-5C)  70,000-  grains. 

The  pint  (I  of  gallon)   8,750-  „ 

The  fluid-ounce      of  pint)  .        .        .        .  437-5  „ 
The  pint  equals  34-66  cubic  inches. 


The  French  kilogramme  =  15,433-6  grains,  or  2-679  lbs.  Troy,  or 
2-205  lbs.  avoirdupoids. 
The  gramme       =  15-4336  grains. 
„  decigramme  —    1 '  5434  ,, 
,,  centigramme  =    0-1543  ,, 
milligramme  =    0-0154  „ 


The  metre  of  France  =  39-37  inches, 
„   decimetre  =    3-937  „ 

,,  centimetre        =    0-394  ,, 
millimetre        =    0-0394  „ 
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Braeil  wood        .  592 

Bread  ...  420 

Brewing     .       .  418 

British  gum.       .  407 

Bromal       .       .  443 

Bromaniline       .  568 

Bromanisal  .       .  609 

Bromic  acid        .  162 

Bromide  of  amyl  .  473 

of  arsenic         .  348 

of  benzoyl       .  489 

of  cyanogen      .  528 

of  ethyl    .       .  426 

of  potassium    .  259 

Bromine      .       .  161 

Bromisatin  .       .  584 

Bromoform  .  443,  470 
Bromo-hydrosalicylic 

acid  .       .       .  496 

Bromophenisic  acid  659 

Bromosamide      .  497 

Brown  coal  .       .  662 

Brucine      .       .  554 

Bunsen's  battery  .  223 
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Butter 

601, 

621 

of  antimony 

343 

xsuiyi  . 

477 

Butylamine . 

". 

575 

Butylene 

477, 

486 

Butyric  acid 

480, 

601 

ether 

430 

Butyrin 

601 

C. 

Cacao  butter 

600 

Cadet's  fimiing  liquid 

459 

Cadmium 

323 

analytical  remarks 

324 

Caffeine 

555 

-muroxide 

556 

Calamine 

321 

Calciunj  and  its  com- 

pounds 

279 

fluoride  of 

283 

analytical  remarks 

286 

Calc  sinter  . 

283 

Calculi,  biliary 

604 

urinary 

534, 

643 

fusible 

644 

mulberry  . 

644 

Calomel 

362 

Camphene  . 

608 

Camphogen  . 

612 

Campholene 

612 

Campholic  acid 

612 

Camphor 

611 

artificial  . 

607 

Camphoric  acid 

611 

Caniphylene 

608 

Canada  balsam 

615 

Cane-sugar  . 

399 

Candle,  flame  of 

175 

Candles,  stearin 

605 

Cantharidin. 

604 

Caoutchouc  . 

614 

mineral  . 

663 

tubes  (note) 

136 

Caoutchoucin 

614 

Capric  acid  . 

480, 

601 

Capivi,  oil  of 

608 

Caproic  acid. 

482, 

601 

Caproyl 

605 

Caprylamine 

606 

Caprylic  acid 

480, 

601 

alcohol 

480, 

602 

Caramel 

401 

Carbamide  . 

538 

Carbazotic  acid 

585 

Carbides  of  hydrogen 

168 

PAGE 

Carbolic  acid       .  657 

Carbon  .  .  133 
chloride  of  .  444 
bisulphide  of  .  189 
compounds  with  oxy- 
gen .  •  135 
estimation  in  organic 
bodies  .       .  384 

Carbonate  of  baryta  278 
of  copper .  .  329 
of  lead  .  .  331 
oflmie  .  .  282 
of  magnesia  .  288 
of  oxide  of  amyl  474 
of  potassa  .  252 
of  silver  .  .  355 
of  soda  .  .  260 
of  zinc     .       .  322 

Carbonates  .  .  137 
analysis  of  .  262 
of  ammonia      .  272 

Carbonetted  hydrogen, 


light     .       .  168 

Carbonic  acid       .  135 

ether       .       .  .428 

oxide       .       .  137 

Carbyl,  sulphate  of  441 

Carlsbad,  water  of  674 

Carmine      .       .  590 

Carminic  acid      .  590 

Cartier's  hydrometer  671 

Carthamin  .       .  592 

Carragheen  moss  .  408 

Casein        .       .  620 

Cassava      .       .  408 

Cassius,  purple    .  336 

Castor-oil    .       .  605 

Catechu      .       511,  512 

Cedar  wood,  oil  of  610 

Cedrene      .       .  610 

Cedriret      .       ,  654 

Cellulose     .       .  409 

Cement       .       .  280 

Cements,  lime  .  280 
Cement,  Parker's,  or 

Roman      .  280 

Cerasin       .       .  408 

Cerebric  acid       ,  645 

Cerebrolein  .       .  645 

Cerin  .       .       .  603 

Cerite  ...  294 

Cerium  .  .  294 
Cerolate  of  oxide  of 

cerotyl  .       .  603 

Cerotic  acid .       .  603 

Cerotyl       .       .  603 

Cerotylic  acid      .  480 

alcohol  .      480,  603 
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Cetyl-series         .  603 

Cetylic  acid.        .  480 

alcohol     .      481,  603 

Chalk  ...  282 

stones      .       .  539 

Chameleon,  mineral  304 
Charcoal,  animal  and 

vegetable      .  135 


Chelidonic  acid    .  55 1 

Chelidonium  majus  551 

Chemical  philosopliy  191 

Chimneys,  action  of  33 

Chinese  was       .  603 

ChinoUne    .       .  51i 

Chinoidine  .       .  553 

Chloracetates      .  455 

Chloracetic  acid  373,  455 

Chloral       .      442,  450 

insoluble  .       .  443 

Chloranile  .       .  554 

Chloraniline.       .  568 

Chlorate  of  potassa  256 

Chloretheral       .  44:) 

Chlorhydric  acid  .  152 

Chloric  acid .  .  157 
Chloride  of  aluminium  290 

of  ammonium  .  272 

of  amy  1    .       .  473 

of  antimony     .  343 

of  arsenic  .      .  348 

of  barium.       .  277 

of  benzoyl       .  488 

of  boron  .       .  189 

of  calcium       .  280 

of  chromium    .  315 

of  cinnamyl     .  600 

of  copper  .       .  329 

of  cyanogen     .  528 

of  ethyl    .       .  425 

of  gold     .       .  357 

of  hydrocarbon  .  170 

of  iodine  .       .  189 

of  kaliodyl       .  459 

of  lime     .       .  284 

ofmagnesitmi  .  287 

of  methyl        .  465 

of  mercury      .  362 

of  nitrogen       .  186 

of  olefiant  gas  .  439 

of  phenyl .        .  658 

of  phosphorus  .  188 

of  platinum      .  368 

of  potassium    .  258 

ofsilicium       .  189 

of  silver  .       .  355 

of  sodium         .  270 

of  sulphur       .  188 

of  zinc     ■       .  322 
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Chlorides  of  carbon  440 

Chlorine      .       .  150 
compounds  with 

oxygen .       .  155 
estimation  in  or- 
ganic bodies  .  394 
peroxide  of      .  156 


ChLorisatin  .       .  584 

Chlorobenzol       .  488 

Chlorobenzide      .  488 

Chloro-carbonic  acid  138 


ether       .       .  431 

Chlorochromic  acid  317 

Chlorociunose      .  500 

Chloroform  .  443,  470 
Chloro-hydro-salicylio 

acid      .       .  496 

Chloro-hyponitric  acid  155 

Chlorokinone       .  554 

Chlorometry        .  285 

Chloroniceic  acid  .  572 

Chloronicene       .  572 

Chloronicine       .  572 

Chloro-nitrous  acid  155 

Chloro-phenisic  acid  659 

Chloro-phenusic  acid  059 

Chloro-naphthalic  acid  662 

Chloropicrin        586,  593 

Chloro-saligenin  .  497 

Chlorosamide  .  497 
Chloro-sulphuric  acid 

142,  439 

Chlorous  acid       .  156 

Cholesterin  .       .  604 

Cholestrophane    .  556 

Cbolicacid  .       .  637 

Choloidinic  acid    .  638 

Chondrin     .       .  623 

Chromate  of  lead  .  316 

of  potassa        .  316 

Chrome-yellow    .  316 

Chromic  acid      .  316 

Chromium  .       .  314 

analytical  remarks  316 

Chiysainmic  acid  .  593 

Chrysanilic  acid  567,  586 

Chrysen      .       .  656 

Chrysolepic  acid  .  593 

ChrysoUte   .       .  289 

Chrysophanic  acid  590 


Chyle  ...  633 

Cinchonine  .  .  551 

Cinchonicine  .  552 

Cinchonidine  .  552 

Cinchovatine  .  653 

Cinnabar     .  359,  365 

Cinnamein  .  .  501 

Cinnamic  acid  .  499 
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Cinnamol    .      500,  615 

Cinnamon,  oil  of  .  49'.i 
Cinnamyl  and  its 

compounds  .  499 
Circular  polarization 

of  light  .  65 
Circulation  of  the 

I)lood    .       .  627 

Citraconic  acid    .  508 

Citrates      .       .  507 

Citric  acid  .  .  607 
Clarifying  wines  and 

beer     .       .  626 

Clay  ironstone     .  310 

origin  of  .       .  292 

Cleavage     .      .  234 

Coal,  brown        .  662 

gas  .       .       .  169 

Cobalt        .       .  319 
analytical  remarks 

on       .      .  321 


cyanide  of       .  523 

acetate  of.       .  454 

Cobalto-cyanogen  533 

Cobalt-ultramarine  321 

Cocculus  indicus  .  558 

Coccus  cacti        .  590 

Cochineal     .       .  590 

Cocinic  acid  .       .  600 

Cocoa  oil     .       .  ,  600 

Codeine       .       .  649 

Cohesion     .        13,  208 

Coke   ...  135 

Colchicine  .       .  555 

Collodion     .       .  4!  4 

Colophene   .       .  608 

Colophony  .  .  613 
Colouring  principles, 

organic  .       .  581 

Columbium  .  .  339 
Combination  by 

volume  .  200 
by  weight  .  194 
Combining  quanti- 
ties .  197,  199 
Combustion  .  .  172 
Comenic  acid  .  551 
Common  salt  .  270 
Compass,  mariner's  85 
Composition,  laws  ol  194 
Concretions,  gouty  639 
Condensation  of  gases 

and  vapours   45,  47 

Conduction  of  heat  34 

Conicine      .      .  555 

Coitine       .       .  555 

Constant  battery  .  221 

Cotarnine    .       .  649 
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Copaiba  balsam 

615 

Copal  . 

614 

Copper 

327 

acetates  of 

455 

alloys  of  . 

330 

analytical  rem.  on 

329 

ferrocyanide  of 

532 

salicylide  of 

496 

Cork  . 

601 

Com-oil 

479 

Corundum  . 

290 

Corrosive  sublimate 

363 

Cream  of  tartar 

503 

Croconic  acid 

415 

Crown-glass 

295 

Crucibles 

299 

Cryophoras  . 

50 

Crystals 

233 

Crystallization 

233 

Crystalline  forms 

233 

Crystallization,  water 

of 

233 

phenomena  of 

233 

Cube  . 

237 

Cubebs,  oil  of 

608 

Cudbear 

587 

Cirmaric  acid 

498 

Cumarin 

498 

Cuniic  acid  . 

610, 

494 

Ciunidine 

571 

Cumin  oU  . 

610 

Cuminol 

494, 

610 

Cumol 

494, 

611 

Curarine 

557 

Curd  . 

620 

Cyanates 

524 

Cyane  thine  . 

427 

Cyamelide  . 

523 

Cyanic  acid  . 

523 

Cyanide  of  amyl 

474 

of  benzoyl 

489 

of  ethyl  . 

426 

of  hydrogen 

516 

of  kakodyl 

461 

of  methyl 

465 

of  phenyl  . 

658 

Cyanides 

520 

Cyaniline 

568 

Cyanite 

293 

Cyanogen  . 

515 

bromide  of 

528 

chloride  of 

528 

compounds  anc 

de- 

rivatives 

515 

iodide  of  . 

528 

Cyanuric  acid 

525, 

527 

Cymol 

494, 

610 

Cystic  oxide 

545 

D. 

PAGE 


Dammar  resin 

614 

Darnell's  battery  . 

221 

Dutch  liquid  170,  380, 

439 

Datura  stramonium 

557 

Daturine 

557 

Daphne  mezereum 

558 

Daphnin 

558 

Decay  . 

383 

Declination  mag- 

netic 

84 

Decolorization  by 

charcoal 

135 

Deliquescence 

233 

Delpbinic  acid 

602 

Delphinine  . 

557 

Delphinium  staphis- 

agria 

557 

Dew,  origin  and  cause 

74 

Density 

3 

Density  of  vapours 

determination  of 

396 

Dextrin 

406 

Dextro-racemic  acid 

506 

Diabetes      .  401, 

642 

insipidus, sugar  from 

403 

Dial  uric  acid 

543 

Diamagnetic  bodies 

85 

Diamond 

133 

Diastase 

407 

1  )iathermancy 

76 

Didymium  . 

294 

Diffusion 

113 

false 

632 

Digestion 

650 

Dimorphism 

234 

Dippel's  oil  . 

575 

Disacryle 

604 

Disinfection  152, 

286 

Disinfecting  solu- 

tion of  Labarraque 

284 

Disposing  influence 

211 

Distillation  . 

41 

dry  or  destructive 

282 

Distilling 

416 

Dithionic  acid 

144 

Dodecahedron 

237 

Double  salts 

232 

Draconic  acid 

609 

Dragon's  blood  . 

614 

Dropsy,  fluid  of  . 

620 

Dulcose 

404 

Dyes,  red  or  yellow 

593 

Dyeing,  action  of  . 

581 

Dyslysin 

638 

E. 

PAGE 

Earthenware        297,  299 


Eblanin  .  .  472 
Ebullition  .  .  37 
Effervescing  draughts  503 
Efflorescence  .  233 
Eger,  water  of  .  675 
Egg,  white  of  .  617 
Elaidic  acid  .  .  600 
Elaidin  .  .  600 
Elain  .  .  .  596 
Elais  guianensis  .  600 
Elaldehyde  .  .  449 
Elaterin  .  .  558 
Electric  eel  .  97 
Electric  machine  .  91 
Electrical  current  95 
Electricity  .  .  38 
Electro-chemical  de- 
composition .  213 
Electrodes  .  .  213 
Electrolysis  .  .  213 
Electro-magnetism  98 
Electrophorus  .  94 
Electro-plating  .  224 
Electrolytes  .  213 
Electrotype .  .  223 
Elementary  bodies  103 
substances,  table  of  198 
substances,  table  of 
symbols  of  .  204 
Elements  .  .  103 
Elemi,  oil  of  .  597 
EUagic  acid  .  513 
Emerald  .  .  293 
Emery  .  .  290 
•Emetine  .  .  557 
Ems,  water  of  .  674 
Emulsin  .  .  518 
Epsom  salt  .  .  287 
Equator,  magnetic  84 
Equisetic  acid  .  508 
Equisetum,  acid  of  508 
Equivalents,  table  of  198 
volume  .  .  201 
law  of  .  .  ]  96 
Erbiimi  .  .  293 
Eremacausis  .  383 
Erytrarsin  .  .  461 
Erythric  acid  .  587 
Erythroprotide  .  622 
Essence  of  lurpentin  607 
Essential  oils  .  607 
Ethalic  acid .  .  603 
alcohol     ,       .  603 
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Ether  ...  423 

acetic      .      .  429 

acetic,  chlorinetted  444 

boracic     ,       .  42s 

butyric     .       .  430 

carbonic   .       .  428 

clilorocarbonic  .  430 

cyanic      .       .  526 

cyamiric    .       .  526 

formation  of     .  435 

formic  .  .  430 
formic,  chlorinetted  444 

hydriodic  .       .  426 

hydrobromic     .  426 

light  hydrochloric  425 

margaric  .       .  430 

muriatic  heavy  .  443 

nitric       .       .  427 

nitrous     .       .  427 

cenanthic  .       .  431 

oxalic       .       .  429 

oxamic     .       .  429 

phosphoric       .  427 

preparation  of  .  435 

silicic       .       ,  428 

sulphuric  .  ■     .  427 

sulphurous       .  427 

valeric      .       .  430 

Etherin       .       .  437 

Etherole      .       .  437 

Ethers,  compound  424 

of  fatty  acids     ,  430 

Ethionic  acid       .  442 

Ethyl  ...  424 

bromide  of        .  426 

chloride  of        .  425 

cyanide  of        .  426 

iodide  of   .      .  426 

oxide  of    .       .  423 
oxide  of,  compounds  • 
with    acids,  see 

ether     .       .  423 
oxide  of,  cyanate  of  526 

oxide  of,  cyanurate  526 

-series,  bases  of  .  561 

sulphide  of       .  426 

-theoiy     .       ,  424 

-zinc         .       .  445 

Ethylamine  .       .  562 

-urea        .       .  563 

Ethylamylaniline  673 

Ethyl-ammonia    .  561 

Ethylaniline        .  572 

Ethylene     .       .  437 

Ethylophenylamine  572 

Ethj^o-toluidine  .  572 

Ethyl-oxamide     .  562 

Euchlorine  .       .  157 


Euchrone 

PAGE 
415 

Euchronic  acid 

415 

Eudiometer  .  119 

127 

Euclase 

293 

liupion 

653 

Euxanthic  acid 

593 

iiuxanthone  . 

593 

Evaporation  . 

43 

Evernic  acid  . 

588 

Eveminic  acid 

589 

Evernia  prunastri 

588 

Expansion  by  heat 

20 

of  fluids  . 

27 

of  gases 

30 

of  solids  . 

23 

F. 

Fachingen,  water  of 
Fats  . 
Fatty  acids 
Fecula  . 
Felspar 
Fennel-oil 
Fermentation 

butyric 

lactic 

vinous 

viscous 
Ferments 
Ferricyanide  of  hydrO' 

gen  . 
Ferrioynnides 
Fenicyanogen 
Ferridcyanogen 
Ferrocyanides  523, 
Ferrocyanogen 
Fibrin 
Fire,  blue 

-damp 

red  and  green 
Flame,  stracture  of 
Flint-glass  . 
Florence  flasks 
Fluids,  expansion 
Fluoride  of  boron 

of  calcium 

of  siliciiun 
Fluorine 
Fluor-spar 
Food  . 
Formates 
Formic  acid 

ether 
Formo-benzoic  acid 
Formo-methylal 
Formulre 


676 
597 
482 
404 
292 
609 
415 
421 
420 
4J6 
422 
415 


of 


532 
532 
532 
532 
529,  532 
528 
618 
345 
168 
279 
172 
295 
130 
27 
167 
283 
165 
162 
283 
647 
469 
480 
430 
490 
470 
394 


468, 


Foumul.t:— co?ji.  page 

empirical  .      .  394 

rational  .  .  394 
French  weights  and 

measures       .  678 

Frieorific  mixtures  36 

Fruit-sugar  .       .  401 

Fucusamide  .       .  576 

Fucusine            .  576 

Kucusol       .       .  576 

Fulminates  .  .  527 
Fulminating  silver  of 

Berthollet     .  356 

Fuhninic  acid      .  526 

Fumaramide        .  510 

Fumaric  acid       .  510 

Furfurine    .       ,  575 

Furfurolamide  575 

Furfurol  .  .  575 
Furnace,  reverbera- 

tory      .      .  173 

Fusel-oil      .      .  472 

of  grain  spirit    .  478 

Fusible  metal       .  325 

Fustic  wood .       .  593 


G. 


293 
330 
513 
510,  512 
511 
97 
77 


Gadolinite  . 
Galena 
Gallates 
Gallic  acid  . 
Galls,  nut 
Galvanism 
Galvanometer 
Galvanoscope       .  77,  99 
Garancin     .       .  592 
Garlic,  oil  of        .  612 
Garnets       .      .  293 
Gas.  coal  and  oU  .  170 
olcfiant     .       .  169 
Gases,  diffusion  of  113 
expansion  of     .  30 
managi  ment  of  105,  112 
126,  136,  140 
physical  constitu- 
tion of  .       .  U 
specific  heat  of  .  53 
Gas-holder   .      .  107 
Gastric  juice        .  650 
Gaultheria  procum- 

bens,  oil  of  .  610 
Gelatin  .  .  623 
-sugar  .  .  624 
Gentianin  •  .  557 
German  silver  .  319 
Geyser  springs  of  Ice- 
land       .       .  123 
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Gilding       .       .  358 
Glass,  coloured    .  297 
manufacture  of  295 
Glauber's  salt      .  267 
Glass,  vai-iety  of  .  295 
soluble    .       .  297 
Gliadin       .       .  648 
Globulin     .       .  623 
Glucic  acid  .       .  403 
Glucinum    .       .  293 
Glucose      .       .  401 
Glue  ...  625 
Gluten        .       .  405 
Glutin        .       .  405 
Glycerin      .       596,  599 
Glyco-benzoic  acid  493 
Glycociiie    .       493,  624 
GlycocoU    .       .  624 
Glyco-cholaUc  acid  637 
Glyco-hyocholalic  acid  639 
Glycolamide       .  493 
Glycolic  acid       .  493 
Glycyrrbizin       .  403 
Gonioraetry        .  235 
Gold,   analytical  re- 
marks    .       .  358 
and  its  compounds  356 
cyanide  of       .  523 
-dust       .       .  358 
•  -leaf       .       .  358 
standard  of  England  358 
Goulard  water     .  454 
Gouty  concretions  539 
Gramme     .       .  678 
Grape  sugar       .  401 
Graphite     .       .  134 
Grass  oil     .       .  608 
Gravitation  .       .  13 
Gravity,  specific  .  3 
Greenheart  timber  557 
Green  fire    .       .  279 
Green  salt  of  Magnus  369 
Groups,  isomorphous  242 
Grove's  battery  .  222 
Guanine      .       .  546 
Guano        .       .  546 
Gum  ...  408 
arabic      .       .  408 
benzoin    .       .  615 
British     .       .  407 
of  cherry  tree  .  408 
tragacanth       .  408 
Gun  cotton  .       .  414 
Gun  metal  .       .  330 
Gunpowder  .       .  254 
Guttapercha      .  614 
Gypsum     .      .  281 


H. 

PAGE 

Hahnemann's  soluble 

mercury  .  . 

361 

Wnlitim 

628 

Haloid  salts  . 

231 

Harduess  of  water 

282 

permanent  . 

2S2 

temporary 

282 

Harmaline  .  . 

555 

Harmine     .  . 

555 

Hatchetin 

665 

Heat,  absorption  . 

74 

anunal     .  . 

632 

capacity  for 

52 

conduction  of  . 

34 

latent 

35 

phenomena  of  . 

20 

radiation  ,  . 

72 

reflection  . 

72 

specific    .  . 

52 

transmission 

76 

Heavy  spar . 

277 

Helicin 

497 

Helicoidin  . 

497 

Hemihedral  crystals 

242 

Hemipinic  acid  . 

549 

Hematite 

306 

Hematosin  . 

629 

Hematoxylin 

593 

Hepar  sulphuris  . 

257 

Herrings,    liquor  of 

salt  . 

565 

Hesperidia  . 

558 

Heuiandite  . 

293 

Hippuric  acid 

492 

regeneration  of 

493 

Homologues,  term 

481 

Homologues  of  aniline  569 

of  benzol  . 

571 

of  the  glycocine-se- 

ries 

624 

of  the  salicyl-series 

610 

Honeystone 

414 

Hop  . 

418 

oil  of 

608 

Hornblende 

289 

Horn  silver 

355 

Horny  substance 

634 

Horse-radish,  oil  of 

612 

Huano 

546 

Humlc  acid  . 

403 

Hmnus 

403 

Hydrarg- ethyl  . 

447 

nitrate  of 

447 

chloride  of  . 

447 

PAGE 

Hydrate  of  oil  of  tur- 


pentin      .       .  608 

Hydrates,  term    .  122 

Hydride  of  anisyl  609 

Hydride  of  benzoyl  483 


Hydride  of  cinnamyl  499 
Hydriodic  acid    .  160 
ether      .       .  426 
Hydrobenzamide  .  490 
Hydrobromic  acid  162 
ether       .       .  426 
Hydrocarbon,  chlo- 
ride of     .       .  170 
Hydrochloric  acid  152 
ether,  heavy    .  443 
Hydrocj'anic  acid  516 
Hydrofen  icyanic  acid  532 
Hydrofen'ocyanic  acid  529 
Hydrofluoric  acid  163 
Hydrofluosjlicic  acid  165 
Hydrogen    .       .  Ill 
antimonetted    .  344 
arsenetted       .  348 
bino.xide  of       118,  123 
carbides  of      .  168 
carbonetted      .     .  168 
estimation  in  orga- 
nic bodies     .  384 
persulphide      .  183 
pbosphoretted  .  184 
selenierted       .  184 
sulphuretted    .  181 
Hydrokinone,  colour- 
less        .       .  554 
green      .       .  554 
Hydroleic  acid     .  605 
Hydromargaric  acid  605 
Hydromargaritic  acid  605 
Hydrometer  tables  670 
Hydrosalicylio  acid  495 
Hydrosulphocyanic 

acid  .  .  535 
Hydrosulphuric  acid  181 
Hygrometer,  dew- 
point  .  .  51 
wet  bulb-  .  47 
Hyocholalic  acid  639 
Hyocholic  acid  .  639 
Hyoscyamine  .  557 
Hyoscyamus  niger  557 
Hyodyslysin  .  639 
Hypochloric  acid  .  156 
Hypochlorous  acid  155 
Hyponltric  acid  .  132 
Hypophosphorous 

acid  .  .  148 
Hyposulphate  of  silver  355 

Hyposulphite  of  soda  267 
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Hyposulphite  of  silver  355 
Hyposulpliites  .  144 
Hyposulijhobenzlo 

acid  .  .  486 
Hyposulpbiiric  acid  144 

bisulpliuretted  .  145 
H3T)osulphuric  acid, 

sulphm-etted    .  144 

trisulphuretted  145 
Hyposulphurous  acid  144 


I. 


408 

Idrialin  , 

665 

Iniidogen-bases  , 

561 

Inclinalioii,  magnetic 

84 

Incrustations  in  boil- 

ing 

283 

Indian  yellow 

593 

Indigo 

581 

red  . 

682 

vat  , 

582 

white  or  deoxidized 

582 

Indin  . 

584 

Indinic  acid  . 

584 

Inosinic  acid 

627 

Inosite 

627 

Ink,  label  . 

614 

blue  sympathetic 

320 

Inulin 

408 

Iodic  acid  . 

161 

Iodide  of  amyl 

473 

of  arsenic 

348 

of  benzoyl 

489 

of  cyanogen 

528 

of  ethyl  . 

426 

of  liakodyl 

461 

of  mercury 

364 

of  methyl 

465 

of  nitrogen 

187 

of  potassium 

271 

of  silver  . 

355 

Iodine 

158 

chloride  of 

1S9 

Iodoform 

470 

lodo-sulphuric  acid 

145 

Ipecacuanha 

557 

Iridium 

374 

Iron,  acetate  of  . 

454 

analytical  remarks 

on 

309 

and  its  compoimds 

305 

cyanide  of 

523 

manufacture  of 

310 

protoxide,  lactate  of  422 


Iron — cont. 

PAGE 

PAGE 

sesquioxide,  benzo- 

Lactic  acid  . 

420 

ate  of  . 

485 

Laclide 

422 

Isatin  . 

583 

Lac  tin 

404 

Isatinic  acid 

584 

Lactone 

422 

Isatyde 

584 

Lake 

581 

Isethionic  acid 

442 

Lamp,  argand 

176 

Isinglass 

623 

Lampblack  . 

134 

Isomeric-bodies  . 

381 

Lamp,  flame  of  . 

175 

Isomorphism 

242 

safety 

178 

Isomoi-phous 

242 

spirit 

176 

Itaconic  acid 

508 

without  flame  . 

450 

Land  and  sea  breezes 

cause  . 

75 

J. 

Lanthanium 

294 

Jade  . 

Laughing-gas 

130 

289 

Laumonite  . 

293 

Japonic  acid 

512 

Laurel  oil  . 

608 

Jet  . 

664 

Lavender,  oil  of  . 

612 

Jews'  pitch  . 

663 

Lead  . 

330 

Juice,  gastric 

650 

acetates  of 

454 

Juniper,  oil  of. 

608 

alloys  of  . 

333 

analytical  remarks 

on 

333 

K. 

benzoate  of 

485 

biuoxide  of 

331 

Kakodyl 

458 

malate  of . 

509 

-compounds 

459 

-plaster  . 

599 

Kakod.ylic  acid 

461 

protoxide  of 

330 

Kalisaccharic  acid 

403 

red  . 

331 

Kaolin 

299 

sugar  of  . 

454, 

Kapnomor  . 

654 

-tree 

224 

Katalysis    .  211 

,  415 

white 

332 

Kelp  . 

158 

Leaven 

4211 

Keratin 

634 

Lecanora  parella  . 

589 

Kermes  mineral  . 

344 

tartarea 

587 

ilinic  acid    .        551,  553 

Lecanoric  acid  587 

588 

Kino  . 

511 

Legmnin 

649 

Kinone 

553 

Lemons 

558 

Kish  . 

134 

oil  of 

608 

Kissengen,  Eagozi 

Leucine 

622 

water 

675 

Leucoline  . 

574 

Kreatln 

626 

Leukol 

574 

Kreatinine  .  555 

626 

Levo-racemic  acid 

506 

Kreosote 

655 

Leyden  jar  . 

93 

Kreuznach  . 

677 

Lichens 

586 

Kyanol 

574 

Light  . 

58 

Kyan's  method  of  pre- 

blue or  Bengal  . 

337 

serving  timber  . 

364 

chemical  rays  of 

68 

Lightning  rods  . 

95 

Light,  polarized  . 

63 

L. 

Lignin 

409 

Lignite 

662 

Labarraque's  disui- 

Lignone 

472 

fecting  fluid  . 

284 

Lime 

279 

Label  ink  . 

614 

acetate  of 

454 

Lac 

614 

aconitate  of 

508 

Lactamide 

422 

analytical  remarks 

286 

Lactates 

422 

benzoate  of 

485 

INDEX. 
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carbonate  of 

282 

chloride  of 

284 

lactate  of 

422 

malate  of  . 

509 

oxalate  of 

413 

phosphates  of  . 

283 

Lime,  tartrate  of  . 

504 

Limestone  . 

282 

Liquefaction  of  gases  47 

Liquor  ammonife 

180 

Liquorice  sugar 

403 

Litiiarge 

330 

Lithia  . 

2T5 

Lithic  acid  . 

545 

Lithium 

275 

Lithofellinic  acid 

639 

Litmus 

586 

Loadstone  . 

81,  307 

Loaf-sugar  . 

400 

Logwood     .  * 

592 

Lupulin 

418 

Lungs  . 

628 

Lymph 

633 

M. 


591 
287 
454 
508 
288 


289 
288 
288 
289 
287 
504 
286 
287 
81 

of  369 
329 
509 
509 
509 
510 
509 


Madder 
Magnesia 

acetate  of  . 

aconitate  of 

alba  . 

analytical  remarks 
on 

carbonate  of 

phosphate  of 

silicates  of 

sulphate  of 

tartrate  of 
Magnesium  . 

chloride  of 
Magnetism  . 
Magnus,  green  salt 
Malachite 
Malamic  acid 
Malamide 
Malates 
Maleic  acid  . 
Malic  acid 
Malleability  of  metals  227 
Malting  .  418 
Manganese,  acetate  of  454 

and  its  compoimds  300 

assay  of  .  .  302 
Manna  sugar  .  404 
Mannite  .  .  404 
Manures  .  .  651 
Maple,  sugar  from  400 


PAGE 

Marble  .  .  282 
artificial  coloured  281 
Marc-brandy,  fusel- 
oil  of  .  .  479 
Margaric  acid  .  597 
ether  .  .  430 
Margarin  .  596,  597 
Margarone  .  .  598 
Marienbad,  water  of  675 
Mariotte's  law  .  17 
Marsh-gas  .  .  168 
Marsh-mallow  .  558 
Marls  .  .  .  292 
Massicot  .  .  330 
Mastic  .  .  614 
Meadow  sweet,  oil  of  495 
Measures  .  .  678 
Meat  .  .  .647 
Meconic  acid  .  550 
Meconine  .  .  550 
Meerschaum  .  289 
Melam  .  .  536 
Melamine  ,  .  536 
Melaniline  .  569 
Melanic  acid  .  496 
Melasinic  acid  .  403 
Melissic  acid  .  482 
alcohol  .  480,  603 
Mellite  .  .  414 
Mellitic  acid  .  414 
Mellon  .  .  .535 
Membraneous  tissue  646 
Membranes,  mucous  633 
Mercaptan  .  .  444 
methyl-  .  .  471 
Mercury,  acetates  of  455 
analytical  remarks 

on         .       .  365 

cyanide  of       .  522 

fulminate  of     .  527 

its  compounds   .  359 

Meridian,  magnetic  84 

Mesitilol      .       .  457 

Mesityl       .       .  457 

Mesotype     .       .  293 

Mesoxalic  acid     .  541 

Metacetone  .       .  457 

Metacetonic  acid  .  457 

Metaldehyde        .  449 

Metagallic  acid    .  514 

Metals        .       .  226 

classification     .  248 

Metaniargaric  acid  605 

Metapectin  .       .  409 

Metaprctic  acid     .  409 

Metapbosphoric  acid  246 

Metastyrol  .       .  616 

Meteorites  .       .  305 


Methionic  acid 

Methyl 

Methylamine 

-urea 
Methyl-ammonia 
Methyl-compounds 


Methyl-ether 

Methyl-ethyl-amyl- 
amine  . 
-urea 

Methyl-ethyl-amylo- 
phenylammo- 
nium,  oxide  of 

Me  thy  1-mercaptan 

Methylo  -  biethyl- 
amyl  -  ammo- 
nium, oxide  of 

Methyl,  salicylate 
of  oxide  of 

Methyl- series,  ba^ 
ses  of  the 

Metoleic  acid 

Metre  . 

Mica  . 

Microcosmic  salt 
Milk  . 

spirit  from 
Milk  sugar  . 
Mindererus,  spirit  of 
Mineral  chameleon 

waters,  tables  of 
Molasses 

Molecular  actions 
Molybdenimi 
Momordica  elaterium 
Mpuobasic  acids  . 
Mordant 
Mordants 
Morphia 
Morphine 
Mortar 
Mosaic  gold 
Mucic  acid 
Mucilage 
Mucous  membranes 
Mucus 

Mulberry  calculus 
Multiple  proportions 
Multiplier  . 
Murexan 
Murexide 

caffein 
Muriatic  acid 

ether,  hcavj' 
Muscovado  sugar  . 
Mushroom  sugar  . 
Must  . 


PAGB 

442 
463 
564 
565 
564 
463 
467 
464 


573 

565 


573 
470 


573 

611 

565 
605 
678 
293 
268 
634 
636 
404 
453 
304 
674 
400 
208 
337 
558 
245 
335 
581 
574 
574 
280 
336 
414 
408 
633 
633 
644 
194 
77 
545 
544 
556 
152 
443 
400 
404 
418 
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Mustard,  oil  of    .  612 
bases  from  the  oil 

of  •              .  577 

Mykomelinic  acid  541 

Myricin       .       .  603 

Myrisiic  acid       .  600 

Myi'istica  moscliata  600 

Myronic  acid      .  612 


N. 

Naphtha     .       .  664 

Naphthalidine     .  571 

Naphthalin  .  660 

jSIarceine     .       .  550 

Narcogenine       .  549 

Narcotine    .       .  549 

Nepheline  ,       .  293 

Nervous  substance  645 

Neutrality  of  salts  230 

Neutralization     .  199 

Nickel        .       .  317 

acetate  of       .  454 

analytical  remarks  319 
Nicotine     .        555,  572 

Niobium     .       .  340 

Nitraniline  .       .  568 

Nitranisio  acid     .  609 

Nitraniside  .       .  609 

Nitranisidine      .  609 

Nitranisol  .       .  609 

Nitrate  of  ammonia  273 

of  baryta  .       .  277 

of  bismuth      .  325 

of  lead     .       .  331 

of  oxide  of  methyl  466 

of  potassa        .  254 

of  soda     .       .  267 

of  silver  .       .  354 

Nitrates     .       .  129 

of  mercury      .  360 

Nitre  ...  254 

cubic       .       .  267 

sweet  spirits  of  428 

Nitric  acid  .       .  128 

acid,  fuming    .  133 

ether       .       .  427 

oxide      .       .  131 

Nitrile-bases       .  561 

Nitro-benzamide  .  570 

Nitro-benzoic  acid  485 
Nitro-benzol.      487,  571 

Nitro-chloronicene  572 

Nitro-coccusic  acid  591 

Nitro-cumic  acid  .  494 

Nitro-cmnol       .  571 


PAGE 

Nitrogen  .  .  124 
binoxide  of  .  131 
chloride  of  .  I86 
compounds  with 

oxygen         .  127 
estimation  in  organic 

bodies  .  .  389 
iodide  of  .  .  187 
Nitro-naphthalase  661 
Nitro-phenasic  acid  659 
Nitro-phenesic  acid  659 
Nitro-phenisic  acid  585,659 
Nitro-prussides  .  533 
Nitro-salicylamide  611 
Nitro-saUcylic  acid  497 
585 

Nitro-toluol         571, 615 
Nitro-toluylic  acid  494 
Nitrous  acid       .      j  32 
ether      .       .  427 
oxide      .       .  130 
Nitro-xylol  .       .  571 
Nomenclature     .  191 
Norium      .       .  295 
Notation,  chemical  203 
Nutgalls     .       .  511 
Nutrition 
plastic  elements  of  649 


0. 

Octahedron  . 
(Enanthic  acid 

etlier 
OEnanthylic  acid  . 
Oil  gas 


237 
431 
431 
481 
169 


of  alliaria  officinalis  6 1 2 

of  aniseed        .  608 

of  assafoetida    .  613 

of  badian  .       .  609 

of  bergaraot     .  608 

of  bitter  almonds  483 

of  bitter  fennel  609 

of  capivi  .       .  608 

of  cedar  wood  .  610 

of  cinnamon     .  499 

ofelemi  .       .  608 

of  cubebs .       .  608 

of  cumin  .       .  610 

of  garlic  .  .  612 
of  gaultheria  pro- 

cumbens       498,  610 

of  Guiana-laurel  608 

of  hops    .       .  608 

of  horseradish  .  612 

of  juniper        .  608 

of  lavender      .  612 


Oil -co?(t.  pagb 
of  lemon  .  808 
of  meadow-sweet  495 
of  mustard  .  612 
of  onions  .  613 
of  orange  flowers  612 
of  orange  peel  .  608 
of  pepper  .  608 
of  peppermint  .  612 
of  rosemary  .  612 
of  rose  petals  .  612 
of  spiraea  ulmaria  495 
of  turpentin  .  607 
of  valerian  .  611 
of  vitriol  .  143 
of  wine,  heavy  and 

light    .       .  437 
of  wintergreen  .  610 

Oils  ...  595 
drying  or  non-drying  595 
volatile    .       .  606 

Olefiant  gas  .  169 
and  its  compounds  437 

Oleic  acid  . 

Olein  . 

Olive  oil 

Onions,  oil  of 

Opianimon  , 

Opianic  acid 

Opianine     .  . 

Opium 

Orange  flowers,  oil  of 

oil  of -peel 
Oranges 
Orcein 

Orcin  .       .  587, 
Organic  bases 
bases,  artificial . 
substances,  action 

of  heat  on 
substances,  classifi- 
cation 
substances,  compo- 
sition elementary  378 
substances,  decom- 
position of    .  383 
substances,  ultimate 
analysis  of    .  384 
Orpiment    .       .  347 
Orsellinic  acid     587,  583 


598 
597,  598 
596 
613  . 
549 
549 
550 
547 
612 
608 
558 
589 
,  589 
547 
559 

382 

382 


Osmimn 
Othyl 

Oxalate  of  oxide  of 

methyl 
Oxalates 
Oxalic  acid  . 

ether 
Oxalo-nitrile 
Oxalo-vinic  acid 


376 
452 

467 
411 
410 
429 
570 
433 
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542 

429 

Oxamethylane  . 

467 

Oxamic  acid  • 

412 

6tliGr      •  • 

Oxamicls     ■  • 

Oxanilic  acid  ■ 

O  1  u 

Oxanilide  . 

570 

Oxide,  cystic 

545 

of  allyl  . 

613 

of  arayl,  hydrateil 

472 

of  benzoyl 

484 

of  bismuth 

324 

of  copper  . 

328 

of  lialcodyl 

459 

of  methyl . 

464 

of  methyl,  hydrated  463 

xanthic 

545 

Oxides. 

110 

of  antimony 

342 

of  chromimn 

314 

of  gold 

357 

of  hydrogen 

117 

of  manganese  . 

301 

of  mercury  , 

360 

,   of  platinum 

367 

of  potassium 

251 

of  silver  . 

354 

of  sodiiun  . 

260 

of  zinc 

322 

Oxygen 

104 

acids 

231 

Oxy-hydrogen,  flame 

and  blowpipe 

114 

safety  jet  . 

179 

Oxy-salts 

231 

Ozone. 

110 

P. 

Palladium,  cyanide  of  372, 
523 

Palmitate  of  oxide  of 

melissyl       .  603 

Palmitin     .       .  600 

J'almitic  acid       .  600 

Palm-oil      .       .  600 

Papaverine  .       .  550 

Parabanic  acid     .  541 

Paracyanogen      .  515 

ParafBn       .       .  653 

Parakakodylic  oxide  462 

Paramagnetic  bodies  85 

Parumicle     .       .  415 

Paramorphine      .  550 

Paramylene        .  475 

Paranaphthalin    .  662 


PAGE 


Parapectin  .  .  409 

Paratartaric  acid  .  505 

Parellic  acid.  .  589 

Parmelia  parietina  590 

Pear,  flavoiu'  of  .  474 

Pearlash      .  .  253 

Pectic  acid  .  .  409 

Pectin  .       .  .  409 


Pelargonio  acid  431,481 


Pelopium  .  .  340 
Peutathionic  acid  .  145 
Pepper,  oU  of  .  608 
Peppermint,  oil  of  612 
Pepsin.  .  .  650 
Perohlorate  of  potassa  256 
Perchloric  acid  .  158 
Percussion-caps  .  527 
Periodic  acid  .  161 
Peroxide  of  chlorine  156 
Persulphide  of  hydro- 
gen .       .       .  183 


Peru  balsam        .  501 
Peruvin       .       .  501 
Petallite      .       .  293 
Petinine      .       .  575 
Pettenkofer's  bile-test  638 
Petroleum   .       .  664 
Petrolene     .       .  663 
Petuntze     .       .  299 
Phenetol     .       .  658 
Phenol       .       .  657 
Phenyl        .       .  657 
Phenylalcohol      .  566 
benzoate  of      .  658 
chloride  of       .  658 
cyanide  of       .  658 
hj'drated  oxide  .  657 
series,  bases  of  .  566 
Phenyl-amine      .  566 
Philosophy,  chemical  191 
Phloretin     .       .  493 
Phloridzin    .       .  493 
Phocenio  acid      .  602 
Phorone      .       .  611 
Phosgene  gas       .  138 
Phosphate  of  lime .  283 
Phosphate  of  magnesia  288 
of  magnesia  and  am- 
monia  .       .  288 
Phosphate  of  soda  268 
Phosphethylic  acid  433 
Phosphide  of  calcium  281 
Phosphobiethylic  acid  433 
Phosphoretted  hydro- 

gPU  .       .       .  184 

Phosphoric  acid    .  149 

acid,  anhydrous.  247 

acid,  bibasic  246 


Phosphoric  —cont.  page 
acid,  glacial     .  247 
acid,  monobasic.  246 
acid,  tribasic     .  245 
ether       .       .  427 
Phosphorous  acid  .  148 
Phosphorus  .       .  147 
-bases      .       .  579 
chloride  of       .  188 
compounds  of  .  148 
Phosphovinic  acid.  432 
Photography       .  68 
Phthalic  acid       .  661 
Picamar       .       .  654 
PicoUne      .       .  574 
Picric  acid    .         585,  659 
Picro-erythrin      .  587 
Picrotoxin    .       .  558 
Pimaricacid.       .  614 
Pinic  acid     .       .  613 
Piperine      .       .  557 
Pitch  ...  653 
Pit  coal       .       .  662 
Pitch,  mineral     .  663 
Plants,  supply  of  car- 
bon to  '  .       .  137 
Plaster  of  Paris    .  281 
Plate  glass  .       .  295 
Platinum  aud  its  com- 
pounds .       .  366 
analytical  remarks  371 
bases       .       .  369 
black       .        .  367 
surface-action  of  116, 11 7 
Plumbago    .       .  134 
Polarity,  magnetic  81 
Polybasic  acids    .  245 
Pontil  or  puntil    .  296 
Populin       ,       .  557 
Porcelain     .       .  297 
clay         .       .  292 
Porphyroxine      .  550 
Potash.       .       .  251 
crude       .       .  253 
Potassa       .       .  251 
acetate  of .       .  453 
alum       .       .  292 
analytical  remarks 

on.       .       .  259 

benzoate  of      .  435 

bicarbonate  of  .  253 

bisulphate  of    .  255 

carbonate  of     .  252 

chlorate  of       .  256 

cyanate  of       .  524 

nitrate  of .       .  253 

oxalate  of.       .  .m 

perohlorate  of  .  256 

sulphate  of      .  255 
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tartrates  of      .  503 

urate  of  .  .  539 
Potassium    and  its 

compounds    .  250 

bromide  of      .  259 

cliloride  of       .  258 

cyanide  of        .  520 

ferricj'anide  of  .  532 

ferrocyanide  of  .  529 

salitylide  of     .  496 

sulphides  of      .  256 

sulphocyanide  of  534 

Potato-oil     .        .  472 

I'recipiiate,  white.  363 

Preluiite      .        .  293 

Proof  spirit  .  .  417 
Propione  .  457,480 
Propionic  acid      457,  480 

Proportionals  .  197 
Proportious,  multiple  194 
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Selenium     .       .  145 
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Silicic  ether  .      .  428 
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Smee's  battery     ,  223 

Soap   ...  596 

Soap  stone  .       ,  289 

Soap-test  of  Dr.  Clark  282 

Soda,  acetate  of  .  453 
alum  .  .  .  292 
analytical  remarks 
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278 

Strychnine  . 

554 
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Sublimate,  corrosive 

363 

Sublimation. 

41 

Substitution,  law  of 

380 

products,  organic 
Succinic  acid 

380 

601 

Sugar  . 

399 
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Terbium  .  .  293 
Terchlorovaleric  acid  478 
Terebene  .  .  608 
Terebylene  .  608 
Teroxide  of  protein  622 
Tetra-chloro-kinone  554 
Tetra-methyl-ammo- 
nium,  hydrated 
oxide  of  .  565 
Tetramyl-ammonium, 

hydrated  oxide  of  566 
Tetrathionic  acid  .  145 
Tetrethyl-ammonium , 

hydrated  oxide  of  563 
Thebame  .  .  550 
Theme  .  .  555 
Theobromine  .  556 
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Thorium  .  .  295 
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Tolu  balsam  501,  615 
Toluidine  .  571,  572 
Toluol  .  494,571,615 
Toluylic  acid  .  493 
Tonlca  bean  .  .  498 
Trade  winds  ,  31 
Transmission  of  heat  76 
Travertm  .  283 
Triamylamine  .  566 
Triamyl-ammonia  566 
Tribasic  acids  .  245 
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U. 

Ulmic  acid  . 
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Page  144,  line  7  from  below,  read  "  KOjSjOj,"  instead  of 
"  K0,S20." 

Page  160,  last  line,  read  "  hydrated  phosphorous  acid," 
instead  of  "  hydrated.'' 
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